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Description 

Field of the Invention 

[0001] r i to systems for 

p m * ^ em i > ^ hxation and 

reps r nc uci i sdniiar hone and v« ten a ft> 

tores. 

Background of the Inventions 

enframed "ar Fix > re Broken Bones 

[0002] ;n 

bones am well known in she an. Soon fixtures, which 
genera yhavt 1 f . re ns« ted 

longitudinally mto the bones lutraamdullar cavity, so as 
loco rtectfc je i it bmc< tw ermors mc on.; 
of s severely fractured bono, and -hereby promote heal- 
ing. 

[0003| ' 1 lisfyp* 

large enough io firmly and hgidly hold its position after 
insertion is I no c fjxiem in pcsitlor 

Sscomp t jled [he i- e i jl s ~v ,' j 

most long bones is nee uniform, bus is. rather, narrow at 
the middle of * - ■ out at the ends. The 
i t T 1 tad by t ct 'hat a rod in- 

serted into such canal does not normally provide stabili- 
zation for rotational and bending movement 
£0004} Frequently, the bone medulla must he reamed 
out before insertion of the f^ure, to make room for the 
fixture therein. Such reaming destroys tissue within the 
bone and may consequently retard proper healing, 
Therefore var tc M res have 

been designed t . rev* J ' fori; isertior 

and then to expand mom ut I tit the anape of 

t t cavih, i r f 

[0005] For example, U.S. Patent No. 4,204,531 to 
Ayt' 4y wi y - ix r r I > t t ^ <. it 
scribes ntmmedulia if,* expa Sing mecha- 
nism The nail includes an outer tubular sheath, a rod- 
shaped element longitudinally movable in the sheath, 
ana a exp id si having two or more spread 

able longiiudii r £ or) end of the 

nail The nail is inserted tnto the medullar cavity of abone. 
front end first, leaving the mar end of the nail to protrude 

i f ns fhe 11 k, p 5 J "i n 
then polled back, causing \ brancnes of fhe expander 
erne nt to s\ 1 m r 1 ' 

the f >nte d t * t teller cavifj 
[0006} Similarly, U.S. Patent No. 4,854,312 to 
Raftopoutous et at, which is aiso incorporated herein by 
efe 3nce, d< - ^medullar n; 

'''fie h is' t ' ets A f rs ens 

.vhich slida- 

biy engages the second member. Atte; the nah is Inserted 
into **-e *t3t> i i e : iber is slid 

'j'vyt - o i * - _ i me *ndofthe 



second member to bend, so that the nail spreads laterally 
within the cavity and j§ anchored in place, 
fpOOTJ U.S. Patent No. 4.313.434 to Segal, which is 
icorpcrated mrein t», not i scribes s method 

s torfixatiot i i es using a flexible 

ftatabie bladder Inside the intrameduiiar cavity. A small 
opening is drilled in fhe bene, and the bladder is inserted 
hrough the hole ©8 1 i o ty The blad- 

der is then inflated with sterile air and sealed, to fixate 

» the bone. Af-n the he b adder is 

tefiate eri 

[0008] vS-mtf ; o ) 4? i 430 both 

to Rerger which em incorporated herein m reference, 
describe me od 5ev h e fixation using a 

or bt n < iet r lecath v« ! *> Seriated b< mo 
at its distal end, is inserted into the intramedu liar cavity, 
pas! 'he fraetom she. In -ha '850 Patent the balloon is 
inserted by guiding it along guide wires that are fed 
through the \ - omcng the catheter. Once 

J» fully inserted in the cavity, she balloon is inflated to anchor 
1 ' !a id the iii I tgainst the bal- 

loon to provide compression to the fracture. 

1 fixtures and methods of im- 
plantation thereof ihm are described in ai of the above- 
mi portion of the expand- 
ao o i it am i trading t iroi gn the 

patient's skin. Such protruding portions, however, in- 
crease the likelihood of postoperative infection and inter- 
f ? the be ne Accordingly, it is an 

ao object of the present Invention to provide methods and 
devices which eliminate the need for such protrusions. 
[0010] in addition to fracture of large bones, fracture 
of long small bones is also a very common occurrence, 

However, a simple boatmen; which allows smmly moblh- 
m zai or w *t h ticn is t ently available 

[001 1] Varela and Carr in an article entitled "Closed 
intramedullary Pinning of Metacarpal and Phalanx Free- 

od for flxaf ractures i sing h won s. To fi> rte 

a fractured finger bone, several such wires, slightly bent, 
are Inserted one after another i mo the Intramedullar cav- 
ity. Each wire Is inserted through a respective hole drilled 
near one end of the bone. Typically, between two and 

■« ,oak e j <aie the e. After wse 

the wires are cu; off flush with the bone surface, and the 
skin is closed over the insertion site. 
Oi t/ 1 a today 

tutted small tubular bones is the insertion of a thin metal 

50 rod{sntrarreo tfian pre his rod from mov- 

ing, an edge of she red i lefipr jfr; i outside the 
bone, such ars is done in metatarsal bone fracture nailing 
where the end of the tod projects out of the finger tip. 
T ' > V i * t tie-it ft on ing 

as the finger or fh( • en bone mb. It also does not: allow 
good rotations! stabilization, in addition, it can aiso result 
in infectio iue nth* bot sn e 

duila and the exterior of the body. 
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[0013} Soros patents and methods for ins fixation of 
smalt bones without use of protruding roas currently exist 
in She art t ictud ample Lewis, R.C,. 

Jr., NortiySse, M., Duncan, K.. Clinical Orthopedics Relat- 
< en, i I (85-92); h mdyke M C tewis, 
B.C.. Janssen, H.F., Duncan, K.H, J, of Hand Surety. 
1388. 13/11 {128-134}: Vareia, CO., Carr, J.B,. Ortho- 
pedics, 1990, 13/2. 213-215; and, WO 94/121 12 US 
4204531, and US 4354312. 

[0014} One method o 1 i ibed in an ar- 

ticle "Expand me - \ De\ ce t r the 'mm 

rsient o! Fractures in the Hand", Reyes C. Lewis et at.. 
Ciinicai Orthopedics ami Related Research, Teen Or- 
tfto., 1989, 1:18-91. in this article, an expandable in- 
tramedullary nat: Is inserted after ;he fractured Done is 
opened and the nai m ' n pert 

The nail is ) i not shrougt 

the bone extremities Yen there mill exists a need for a 
percutaneous minimal trauma insertion of an internal fix- 
atorfor small bones which does no: necessitate exposure 
of the bone surface. 

f001 5| *an ' r s erflpisa 
sodlacusse s i senary f 

of metacarpal fractures", Vareia, CD.; Carr, J.B., Ortho- 
pedics, 1990, 13-2, 213-215. However, this nailing does 
sot Involve as expandable nail. 
[0016} Numerous of the bone fixation patents men- 
tioned above involve Impiamation of different mem: de- 
vices fee., INitinoi, Titanium, ate.). 
&mothet '-mi fy is ' ist a o. tachai 
Soot c& exp it a: ifs it named , » i 
are patents that exist today for bone fixation with a bal- 
loon, but these do not provide intramedullary nailing. 
They provide only a joining effect as in the pulling of one 
broken bone towards the other. Examples of -nose In- 
clude U.S. Patent Nos. 5,423,860 and 5.450.400 {de- 
scribed above). 

[001 7} A dlrtgiy, a variety of s icanf shorteor 

js exls e pr t T 0 

address*. ^ oroi > < il \i • smvej ■ 

vided 3n intramedullary nailing which is accomplished 
using a varied, f inventions i below. Fo exam- 

pie, by estop a detachable iraratneduttary foaileon iooaled 
at the middle of the fracture, and extended across both 
bone segments - m ove J* ess provided* -> 
dresses the numerous shortcomings of the prior art Such 
devices provide the patient with a rapid pososusxgerytrac - 
torn stabilization resulting in mobilization o; the limb end 
reduced chance for infection, as weii as the possibility of 
removal after torn healing, If needed 

ln!en/enebra! Pise Ablation and Spacer Placement 

[0018] 

attributed to disc pathologies sop vertebra! Instability. 
Nowadays, the treatment of choice of spinal fusion In- 
ve i v it on of a plate 

a th. or without evvs i the inters 



eg US Pate - atent Ho, 552881* 

and U.S. Patent No 552 i - -edure also in- 
volves implantation of a bone grail in the intervertebral 
space. 

5 [0019] Fctm i - c \ v 

tervertebf al discs currsn t gb they h ave not 
yet been proven successful In patients (U.S. Pat. ivfe. 
4,758,768; WO 92/1 442 WO90/C ' WO 96071 70). 
Existing treatments involve introductory surgery for re- 
ts move- of* i - placement of 
tire intervertebral support. An intervertebral spacer and 
vtc-btLn s - i ? m tm ■> 
lowed by the removal of the damaged disc and cleaning 
of the iraeivarteora bone si ;es , o f different 
is cutters and refractors (U.S. Pat No. 4,304,260 and U.S. 
Par. No. 6,606,588 tor example). A cone graft is then 
Implanted to facilitate spine fusion. 
[G02Q] All proa jt vi e!i d re- 
tu ' act a en log and dissection o? ht ar j c 
oo he abdomen or f. - p iure iapar scor 
catty. Accordingly, them is eurrentiy a need in the art for 
a percutaneous nws-laparoscopic type minimally inva- 
sive technip j we the jurrentmett 
od for spina fusion. 
■10 [0021] tn addition, the disc ablation procedure may in- 
volve She inter; • 

space to support the vertebrae until spine fusion is 
achieved by osteogenesis. The existing, spacers are con- 
structed with a fixed diameter according to the space 
needed to be kapt in the intervertebral area. Although 
one spacer has been disclosed which expands by rotat- 
ing a screw, it only expands upwards and downwards, 
! « This does 

not allow for the insertion of the device pereuiarseousiy 
as irtsm - ed n greater 

detail befow, there Is a need for a spacer or prosthesis 
that is created with a small diameter and which can ex- 
a d t an > >r mpianred - Kiditior ns els eis 
\ interverfeb ai 

io tissue extractor which can likewise function pereutane- 
ousiy for use in the procedures described. 

Intervertebral Disc Prostheses 

[0022] fmervette • ire also known 

intt t.S -o ted ntotbe 

tr\.o - ' . * r < ~", i a orar 

of tire disc matter from the space. Upon insertion, the 
prosthesis holds two adjacent vertebrae apah from each 

on tit - i i> v 

; xrectspa J towing surgery ;oirr 

plant 1 e pre- 1 emity grows fror thever 

teforse into end around the prosthesis, thereby holding 
the prosthesis firmly in place and preventing undesirable 

os motion itr^ a t on another. 

10023} U.S. Patent Nos. 4,772,287 and 4,804,260 to 
Ray et al when a t. reference 
describe prosthetic disc capsules having a generally cy- 
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Imdricai shape and containing a gel materiel having prop- 
erties similar to those of the disc matter. After removal 
of a portion of the disc matter, two such prosthetic cap- 
t tit., , pace, ot (' sj 

of the sagstta: axis of the spine. The capsules may Pe 

i 1 t t t it'jU.V'l IV 

geft sprat ,6 sutf'i ientf hofdth d t o vt tat at 
apart, 

[Q024] To implant the prosthetic disc capsuies in the 
disc space, it is necessary to open the patient's back and 
perform a parita: laminectomy to gain access to the disc 

Silt r JtC,^ U'l 

cede re, with attendant risks, sicie effects and long recov- 
ery time. Otfie t rlced sxat 

pie, in U.S. Patentees 3.376. 595, 4,349.921 . 3, 667.723. 
4,554.9 1 4. 4,309,777, 3,426.364, and 4.636,217, and in- 
corporaSt S her > req tire r r 

surgery for Implantation thereof. 
[0025] in response to the hsks and lengthy recovery 
period associated with open surgery for treatment of 
bulging or herniated discs, an alternative, minlmaliy-im 
vaswe surgical technique of percutaneous diskectomy 
hashes Jevef aci.i perct - tw. us-t^omy. a nar- 
row cannula a insetted into the disc space in a lateral 
i ( 1 r *f patient's side. 
The lateral approach to the disc obviates the need to cot 

h rough b s of muscle, as 

required by other surgical methods knowr. in the art. Sur- 
gical toots are passed through the cannula :c cut away 
and remove disc material, so as to relieve the outward 
pressure of the disc on surrounding nerves and thus to 
alleviate the pain caused by the bulging or herniated disc . 
{0026] Percutaneous diskectomy can be performed as 
an outpatient procedute and. when successful allows 
She patient te return to toil activity after only a short re- 
coverypericd.Theprcced u 1 0 o f y ■. n ate o e 

7} cases c i does not allow t 

full range of t J by or h , y 

For ;> d nplfc 1 j j- * 

lion of such prostheses that are known in the art are not 
suitable for use In the percutaneous approach. 
[002?] The vertebrate spine is the axis of the skeleton, 
on which me body parts hang. The horsy vertebral bodies 
of the spine are separated by int rave rtePrai discs, which 
serve as a cushion between vertebral segments of the 
axiaS skeleton. These discs comprise a fibrous annulus 
and a nucleus, whic 5 a k mcs contained 

within She arinubs. A disc herniation occurs when the 
i t of thee mt 1 s Th hf-i 

stated nucleus may exert pressure on 3 spinal nerve ad- 

acerrttothecii 1 aln or loss luesclecren 

trol. Tim normal procedure in such cases is to remove 
te - pe a jrgery s t this s e 
major procedure with long recovery and potentially seri- 
nes stde effects. 
[0O28] 

of open spinal surgery, minimally Invasive procedures 
smova been de 



One type of such procedure as described above, is per- 
cutaneous diskectomy, in which herniated tissue of the 
nucleus of the disc is removed from the patient's body. 
Apparatus forsuch preo (uresis* scribed forexampie, 

scann 5 v , f xisiomp ef 

erabiy in the patient's side, into the intervertebral space. 
By making the incision as small as possible and entering 
« the body at* t a ma to the pa- 

tient is minimized. Removal 0? the herniated tissue is a 
ot gp ocess ver.fre yr; (removal and 
reinsertion of resection tools many times, 
[0029] t b r e iishe - es attar tie Ite- 

rs sue is removed a disc pre t ies s is needed S< rep «e 
the nucleus and posstbfy the annul us, as described 
so. ve 10 PCT / > 43 f >;e a 

pie, whose disclosure is incorporated herein by refer- 
t ver- 

en tebrae ruse rogetlier. around the prosthesis, in order to 
htic state ir r i ncou age sub 

sequemtu - the e rid be thoroughly 

cleaned ou tie re - ny. i - > percutaneous 
diskectomy procedures arid devices known in the art do 

■?5 nr* gr v i . t d cleaning 

Summary of the Invention 

[0030] n is art object of the present invention to provide 
» improved devices and methods for intramedullar fixation 
of fractured bones. 

[0031] It is an object of the invention to provide devices 
and methods for fixation of the humerus and other song 
bones. 

■'te [0032] it ,• • - 1 nvention ;opro\ de\ - 
and methods rtcturesof w phalanx be <=>s 

or other small bones of the hands and feet 
fO033] -' - t ' m " s 1 1 

devicesa rj , 1 .ret arbo u fit 

••<' ation using n s I pr< d. es, so 

as to generally reduce operative trauma and allow speed- 
ier post-operative recovery. 

[0034] f 

ex es and t >ne no ^o f 

us stabilisation, Fixation and repair. 

{0035} It is a further object of the present invention to 
revSdea neduflary booc 

fixation device for the stabilisation or fractured bones. 
[003S] ft is an object of 1 ts of the present 

» jnwitKr i a methods for irttramed- 

utter fixation that allow mobilization of a bone within a 
short time of fixation thereof. 

[0037] it is es object of other aspects of the present 
Invention to reduce the risk of post-operative Infection 
ss following intramedullar fixation 

[0038] It ts a furths - t invention to 

or v 0 r a t r re e 1 

uttary nailing. 
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[0033} t is a esent nvention to 

provide fixation devices having a vaive for inflation and 
deletion of the devices. 

fOQ40] t is a t ol. jr oe 

vices having fixation elements for anchoring tne devices 
against the inner surface of a bone. 
[0041 ] it is a further object of the present invention to 
provide methods and devices which provide for a isss 
invasive surgical treatment of Intervertebral spine fusion 
[0042] it is a furthe m f tinventior tc 

provides mi , tod a cfdev ceto treat 

ment or intervertebral spine fusion which includes the 
extraction of intervertebral 'Issue end the placement of 
an intervertebral spacer. 

[0043| -fas ibjectofthe t enti ention to provide 
en rip 3d d t t on n tne n- 

tervertebrai disc space. 

[0044] I; is a further object of some aspects of the 
present invention to provide a disc prosthesis suitable 
for implantation using minimally i wasive method's of per- 
cutaneous dlskastomy. it is another object of these as- 
pects of the invention to provide devices and methods 
for use in percutaneous Implantation ot the prosthesis. 
[0045] is is a furthe rbi t i - - tvention io 
provide a prosthesis whose size can be increased fang 
after impiantat v ■ t , 

procedure, 

[0046] it is another object of some aspects of the 
present invention to provide en improved method of mim 
Imaiiy invasive diskectomy. 
[004TJ 

parent upon reference to the drawings, description and/or 
cfaims herein. 

[0048] in a first aspect, (he present invention provides 
a medtca d ,. 

an intramedullary cavity, the bone being provided with a 
bore formed m a e of the bone j id 

extending into the inmameduiiary cavity, comprising: 

a bone fixture far insertion through the bore of the 
bene and into the intramedullary cavity, said bone 
fixture comprising a diameter-expandable, metallic 

tube naviny an erdehor ctreerufereotial surface, said 
tube having a reduced first diameter for Insertion 
through tire bom and into the intrameduftaty cavity 
o r . feed et .* , r 

said bone fix Jiametertron 

i* i i cond expan 

diameter, at least a portion of said exterior cecum- 
ferentiai surface coming into contact with a portion 
of the sere wa of said ntran edulia ■ ::avily upon 
>id bone fix - cond expand- 

ed diameter. 

[0049] in a- i ct,t e press it nvenboi o 
vides a medical treatmen; device for treatment ef broken 
bones having an intramedullary cavity, comprising' 



a bone fixture for treatment of a broken bone, said 
bone fixture having a reduced diameter ana an sx- 

hiamere er bone fixture 1 

tie of increasing in size from said mde< ed diametei 
s to said expanded diameter, 

[0050] Fm , a ' if - \ 

«maS such that said fixture can be insetted into the bone 

ttf o il a 1 fe ",1k 1 ^-r am n> 
» dulla of the bone. More preferably, the reduced diameter 

-5 <m et j s a < an be nserted 

into the j yringe 

[0051] ft f.fneexp , tiametere sufficient 

ly large such that said expandeddiameterextends across 
is substantially the ent i ameduilary cavity 

of the bone. 

[0052] The fi rt a v< 

g'rtadinal !: ' f f c \ the f ..cum comprises a 

d s i rface being 

en curved tc- fern: a series of connected bulbous sections. 

The fixture may have a circumferential wall comprising 

+' it t io u-^e >' sections. 

[0053] bt [>'^t ay tit it - 1 net wo s si 5 

longitudinal bars 
« (0054] The fixture may comprise at least one hairpin 

loop between said two longitudinal bars, more preferably 

four longitudinal bars and four hairpin loops. 
[0055] 

a medical treatment device for treatment -of broken bones 
oo having an in , t avtr a width, compris 

!ng: 

a bone f xt aving a r< i easier, and an 
expanded diameter; 

wherein mj bene fixture is capable of increasing < sice 
farm ^ j j i > r . ii diameter 

and, 

w lere i said i ntiy small such 

io that said fixture can be inserted into a bone through a 
wiewt erfhanfhebonernedul! 
at d where saidexps j t h ttrge 

\ 1 ' r 11 1 * U 

of the width ot the intramedullary cavity of the bone. 
[O0S£ e is siced for treatme 

a broken bone o! the hand, foot, leg or arm. 
[0057] I'h-e fixture r\st, ' bstant.iafy tubular n 
shape after expansion. 

fOOSS] The fixture t st to and rest 

» apirsl the inner su * bor a cav ty 

upon saia expansion. 

[0059] Preft . n diameter by 

at ieesr 40% when said fixture increases from said re- 
duced diameter to said expanded diameter The fixture 
as oi - t 90 i r i ' ses t e t 

pending n < st two sheets 

[0060] The fixture pre 

y rotted sou * a rt said reduced diameter, 
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mors- preferably nd spiral s< i at least panlaity um 
roils as said fixture expands from said reduced diameter 
to said expanded diameter. 

[0061] The she* I - , I er a! preferably 
has at least one ben- edge 

[0062] The sheet may have an outer, circumferential 
surface and « lead one b bent edge pro 

truding radially from said outer. Circumferential surface, 
preferably at least two berti edges protruding radially from 
said outer, circumferential surface. 
[0083] Even mote prefe ges are bent 

at different angles to the outer circumferential surface 

[0064] at - , xpantangma 
leual. an elastic material, a supereiasbc material, scape 
memory metal, Nitooi, titanium, or r> polymer. 
[0065] 

tensite in seid reduced diameter and preferably austanite 
in sslrj expanded diameter. 

[0066j A holding device comprising a pin may be used 

f r -d i M<. i, ir mo u motto 
[0067] The fixture may expand from said reduced di- 
ameter so said xpande fiameter jpor appii Ariel 
heat, 

[0068j The fix re may c t said expanded 

diameter a-d compr sss 3 p ural 

and substantially a ats on < 

being interconnected by said struts, More preferably, the 

fixture comprises a central axis, said struts being bent 

ard about a midpoint t J ■> 
said fixture is in said reduced, diameter. The fixture may 
also comprise a circumferential wail, said fixture corn- 
s' dcireumfe entialwall, 
[0069] il treatment r f the third as 

pect of tee present invention, the future may comprise a 
plurality ot leave agered t tasWot Sue t i 
\ d leaves having at 

inner end and an outer end, each of said inner ends ex- 
tending outwardly from said central longitudinal axis 
More preferably, the cuter ends curve radially Inward. 
[0070] Even more preferably, the fixture comprises ; 
substantially tubular shape when said fixture Is main- 
k rtedi no - r clyfurthe cor 

prises a holding device in fire form of a removable pin 
contacting said inner ends of said leaves for maintaining 
o. n fixture In sa'.d reduced diameter. 
[0071] In a fourth aspect, the present Invention pro- 
vides a rt> o^ t {>' s no 



a media; I treatrne n S device tor treatm e nt of a b rc ken con e 
having sn intramedullary cavity, comprising: 

an r amedulte *»j e s uct fixtut c 

feast a first segment and a second segment, said 

< i o t t of exceeding <- from said 
reduced J a - ete further 

creviced with a restrain: means which prevent said 
second 
diameter. 



[0073 

ring for restraining expansion of said second segment. 
is [0074] The expand preferably s fffcie 1 

> v "v v ic boifixtu rose subcta 

tisity all of the width of the intramedullary cavity of the 
bone. 

[O075] In a sixth asp c v e tion provides 

so amediea )f broken cones 

hsv ft; o f < tk j , uprising 

an expandable intramedullary fixture, said fixture 
having ■< tie i - • i > - partially 
■o t R i* < 1 < 

ftlt€<- T i 

s im jlus, 



an intramedulter nail, s 
prising an inflatable metal balloon. Preferably said 
r e al \ oompi s a nitial, re- 
duced-diameteu size which is smaller rn diameter 
y said Inflat- 
able metal balloon is bent Into said initial, no-meed- 



[0072] a" t enfjon provides 



[0076] - > t - 

ao from the group consisting of: a magnetic field, an electric 
field and radiation. The external stimulus may evert be 
temperature. 

[t s I toes or apoi- 

yefeciroiyte material, 
ro r 'jc 8] I - he preee 

> - - c treatment ties ' tmt 
bones having an intramedullary cavity, comprising: 

an TtramsdUiar fixture. sa:d fixture being construct- 
■aj ,- iC i vc in* red scee il, said s! 

besng nitle y together It to yii dr t at 

form tor Insertion into a broken Pone. 

{0079] in an eight aspect, the present invention pro- 
of' vldes amedir t eatmeri tic m 
comprising: 

expanded diameter; 
so a cannula for insertion of said bone fixture into a 
bone, said cannula comprising a lumen, said bone 
fixture .v net of a sufficiently ? e In said re 
daceUchameter that sa:d bone fixture can be inserted 
into said bone by use at said cannula. 

[0030] 

a medical t nt mpris 
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an mte:vaiteerai bone spacer, saidboneapacerhav- 
ing a first, reduced dimension, and a second, ex- 
panded dimension. 

[0081 } Preferably, said bone spacer comprises pores 
lor allowing bone growth therethrough. 
[0082] The bone spacer may comprise protrusions for 
penetrating the surface of a vertebral bone. More pret- 
<i, , + < > + s, ce • t tt -> a nr. fees 

- loci- igm fa j ssston of sa 

spacer. 



a msdica; treatment devise for spirrei treatment, compris- 
ing: 

at rttetvert disk pr> thesis said prosthesis 
comprising an (nnntable balloon, said balloon may 
be toroidal, said balloon may comprise thin metal 
wails, 

[0084] in sn eleventh aspect, the preset- invention 
provides a med f * i eatment of bro- 

ken bones having an intramedullary cavity, comprising: 

>t s=d fixture 
comprising s hape memory metal and a plurality of 
longitudinal nos 

[0085] Figure 1 9 summarises the classes of methods 
and devices lor bone fixation nod spacing which ere pre- 
sented herein in accordance with the present Invention, 
devices for bone fixation, spacing and prostheses may 
also be referred to, fo< bres rte apy devices, 

Likewise, the term prosthesis, implant, and fixture are 
used interebangeabiy herein. 
[0086] As described below, in accordance with the 
pro-sent invention, these devices and their associated 
methods can be divided into 3 general categories or 
gm.ps , ,s ■ i • . -> i, np'^^s Ex- 
pandable by External Power: sod (ill) Solid Phase For- 

13*0 Vx ^'t, ^ 3 J-- 1 J ' It 'p - *r 
invention can be constructed according to the embodi- 
ments of each of these groups, and ears be employee tor 
t-.medu y or e r 1 * 1 - stior 

C/es-sres of Bone Fixation Devices are; A-fetrrerfs 

[0OS7] Group I: Self Expandable Implants. Soil ex- 
pandable implants end related methods utilize the energy 
stored v i hat wf t 

ah ) rg re ' ni',-< y -re-'- sho" 

the implant, the implant material reverts to its original 
Shape and/or diameter In the preferred embodiments, 
i r if etef, tor use 
t diameter after 

implantation, for fixation of the bone, implementation of 
this melhoci Is preferred using 3 material which exhibits 
haps memor> iva age o Tt "- 



Induced Martensite, el; hooch other 
*d. as mil The holding mechanism 
prattled into the device or around it. 
implants Expandable by Externa! 



-ich are 



ryexter: 



nets from i rtside s « re - n She shape of 
the implant t xternai power 

can be utilized in accordance with the present invention, 
in the pre»- r temath- 
iypes of external t e templated 



hvhetho 



s ipla Of* 1 embodimt 
results f f 

in particular, shape memory alloys can be used to 
en cause a device to attain a new shape from a small 
to a larger diameter. 

es.tna etret d -f>M«i> 
of externa! power embodiments, an expandable bal- 

these embodiments, the inflation of a balloon causes 

plastic deformation of the Impiare material, resetting 

in deformation of the device, 

(3) Balioon Devices. I n a third series of externa! pow- 
er embodiments, lbs implant device is itself a bai- 

m> loom This balloon device is inflated using hydraulic 
pressure by the insertion of fluid into the balloon's 
interior, there i a diameter I; 

t>r - - -33>jm of the fierd within 

the seated balloon provides the energy to support 

se tin- ■> n ... . i 

(4) External Force Devices, in a fourth series of ex- 
ternal power embodiments, e mechanism la utilized 

-i ' r v force to the Implant. In these em- 
bodiments, the system =s designed such that force 
•re i b hlch £ ccen cnilv f cm 

the implant lumen causing an incre3.se o! the implant 
diameter. 

10089] Group Hi. Solid Phase Formation Devices, in 
these dew- . es re g c\ poiyrr 

on r t r < I j wh 0 



n be for 



and solidifies by change in temperature or humidity. 
[0090] As disclosed herein, each of these types of de- 
vices ana methods can be usee for intramedullary or in- 
tervertebral treatments. Moreover, while different em- 
bodiments of the present Inventions are discussed In sep- 
t ( > ' Ha -u' • 

sr and interrelate , n r /, th ire" each 

f he et bod i herein may be further " 
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evanttr a iu >i >w ! s / < r et t cd 

iT^fts As ex f>s«n + nventions, a variety 

of differer;; bone therapy devices and methods are dis- 
closed in further detail celow. 

Mrstmdumry fixtures 

[0091] 

present invention. 3 radiaily-expanttebie inmameaallar 
fixtm« m-x-mm * " ; ; ito p ' i'ii-.Jl , 

lie fixture is if - i j e t t l e ne which 
is smaller in diameter than me medullar canal, in the pre- 
ferred embodiments,, the fixture is preferably inserted, 
using a syringe, through hie end oi a fractured done and 
into tt e me ' ' the f <t tru s ma t 

t« tied in i j t a. a first reduced di- 

ameter. T e li> t it ( /*,»> j oss 

the site of me fracture in the bone. When the fixture is 
property placed within the bone, the syringe is withdrawn. 
It is highly preferred that me fixture be placed entirely 
within the tons, with no outward protrusion. 
[00923 Once in place, the fixture expands radfeay out- 
ward, assuming an open configuration, i.e. a second, ex- 
panded diameter am - lace, b >onex- 
„ a - -■ fr ~ > - , > . v <'m- i ' imb 
the bone, aero th s 1 - f th, s <- tnctin i 
ingasa it > , r fed fix 
fere thus holds the pieces of the broken bone together 
arid provides reinforcement against both axial and lateral 
m assort the I mm fixtures as r 
can be provided and sized tor long bones, such as the 
femur, tibia, fibula, humerus, mnaandradias orfersrrall- 
er hones, such as a phalanx, 
[0OS3J After the fixture has been inserted, the skin 
wound made by tt , 1 - * > ia owed to beai 
over the bone. With the employment of me minimally in- 
vasive percutaneous procedure, which excludes alt posh 
i - - • ■ ition with a contaminated skin 
surface the pt > t « t be < 

• e patient's limb in 

rnntna time ; fori risk Thus when 

the fixture is used to repair a broken bone in an extremity 
(for example, a pnaiam: fracture in a finger}, the patient 
can begin to move the extremity very shortly after the 
•ree-to i •> t ' •■ eat' i •"" 

reduces muscle atrophy. The patient regains use of the 
broken t im - -v*. > r t r\ r 

tantiy, healing proceeds without the need for extensive 
physiotherapy, which is typically required after the pro- 
longed periods o: immobilization commonly encountered 
wt en intrants jut it m s kr m n the pric jr; are ;sed 
Furthermore, since there is no fixture left protruding 
tl "Xi d h*ms\ aft j il t i 

and other complications ere reduced. 
" fmjj . fe embed me impfant Is 

made of bio-compattbie metals like \ * k titanium, S.S 
31(1 + rabiy, after 'f 1 ^ t e 

radial expansion of the fixture is such that its diameter 



substantially increases. Thus, the diameter can increase 
by at feast 20%, by 43% i 

large factor of expansion is advantageous in that during 
tsert m- tt i j w enough tc 

$ easily into it e meda t & the fixt e 

pands after s r ucn tnat its diameter fill l 
starttiaitya t t avib i t hi" > ; 

> l V is --It v > 

bone) so that the bone is firmly fixated. 
« [O095J Thus, more generally, the initial size of the fix- 




•ameduliary cavity of the bone in question, for 



fixation of the bane The fixture m preferably substantially 

illke ire, t < - i ' 

[0096] Fixtures in accordance with preferred embodi- 
ments of the present Invention generally fixate the bone 
m> more firmly rhan K -wires used tor this purpose, as de- 
scribed in the above-mentioned article by Vareia and 
Cam. The fixtures of the present Invention require forma- 
tion of only i single hole i the bone for iatrameddtiar 
insertion, rathe: than multiple holes as is trie case with 

d me"ts a ( the oresent 
invention, the r mr <■ u it s , comerises a self-ex- 
pstxfiog structure, as described in Group 1 above, in the 
context ( 4 "d tne claims, 

tt® the term "self-expanding* or "self-expandable" is used to 
refer to types of fixtures and to materials from which such 
fixtures are fabricated. The term Is used herein to mean 
the; once the fixture is insetted into the intramiedafiar cam 
ty "i . * a \ outward due to mechanical force 

.» generated by the fixture itself. This mechanical! force may 
be due p f in the fixture V*>\ t 

dt 3MI ll ) - i + O'til'll 

describee c net h ro j j oheatab 

•«-' sorbed by tire fixture in the intramedullar cavity. As dis- 
closed below, certain preferred configurations ana ma- 
terials are used to provide this self-expanding effect In- 
erne xture e preferred 

embodiments diner fmmi expandable intramedullar fix- 

■« teres known in tire an, which reeuire external application 
of mechanical feme to the fixture to cause the fixture to 
expand within the intramedullar cavlm 
[0098] Before tetrode t ne, tt se ex 

pending fixture Is prefemhiy compressed radialiy inward 

50 into a close t beetle •< juration and is s<v 
ceded into the syringe in this closed, reduced diameter 
n'tg: tratinn. A > i - i f f \* \ 

s put nt pi- i ea 

i ^ i i e ban xtore then es> 

»* : at?llyout\ a t th bant fhes 

the structure and the material from which it Is produced, 
as described below, should generally ce sutmelentiv fiex- 

ibieto&ec,-' essedinf ed educed diameter 
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configuration, bi.f rigid enough to fixate the bone firmly 
in an open, expanded configuration, 

[0099] t 

panging, impianis.dne fixture o:5!ripri;;es; a resslie;!) or elas- 
tic, biocompati!* material. Preferably, the resilient or 

Serial, for exe.mpe, Nftinoi, or another metal, such as in 
a r else a polym fixture te fabri- 

cated, as is known in She art, so as io exert an outward 
radial fores when compressed. 
[0100] n other pit - of this type, the 

iixt ire >mpr < > pat i s im wry n tj 

of jsenanapre r ear; sothatupor 

mart i s * v t > id e last 

When released Inside the bone's Intrameduilar cavity, 
the fixture springs back s des'ti 
expanded configuration, and the material assumes an 
- !<•{ r c 1 i <) ipm 1 

fixates trie bone, 

f01Q1] Fhestn ure of the fixture its« jan be formed 
oy tigdtiy roiling vit c one or rnore sheets of seif-ex- 
f. if Jtt i ! h r 

lindriea! spiral structure. After insertion of the fixture into 
Iris iritrarrieduiiar cavity, trie spiral partially uracils as it 
on js sxp i f€ i la o 

staniiaiiy fill trio cavity. Pre-fsrsBiy, at leas; one edge of 
each of the one or more sheets or the materia! is bent so 
as to protrude radially outward from the outer, radial sur- 
fs spiral, as t expands, these protrucfing 
edges engage me inner surface of the bone, adjoining 
the medullar cavity, so as to anchor the fixture flrmiy in 
place and prevent sliding or rotation of sections of the 
done fixated by the fixture Mors preferably, two or more 
of the edges are bent at ciitferen; angles, in order to pre- 
vent rotation of the bone in either a clockwise or a coun- 
terclockwise direction. 

[0102] in other preferred embodiments of this type, the 
fixture incudes a holding device, (or example, a pin. 
which is fitted e x e 

into the oone midi ' t 1 c t e 4 > u e 

i"> - i - v - I >• t pvvsed, 

closed conilgoration ana then continues to odd the fix- 
fere in this configuration. After the fixture has been in- 
serted and properly placed In trie intrameduile.r cavity, 
me holding de\ trim the t <t ire "t f-ex 

andsrad .vardtoa ace and fixate 

the bone. 

[0103} As en alternative : o a self-expanding implant, 
the implant can be constructed to be expandable by hie 
< ^ <. it c " o<omoie 

.m r i ii j rgm 

as is known in the sit, so as to have a critical temperature 
of approximately 30"C. Thus, at room temperature, trie 
i ar v i I affMSite state, 



so that the fixture remai fiexlb and elastic before lis 
insertion into the Ksne . isertsd to the bone, the 
impiant become exposec Jys« m'f ^ts'\' 
temperature, the material assumes at ieast a partially 

s austeiVit ic state, and t j tiaiiy rigid 

JQ104] In such embodiments., wherein heat is applied 
to the implant to cause i : fo exps 
ut « Dthe use of body' - l e x tire s 

inserted into the intramttd c ty and the syringe is 

« withdraw - t a useo for the 

application of heat. This can be accomplished, for exam- 
ple, through a he ating p: jbe that is brought into contact 
with the fixture. The heat causes the fixture to expand 
radially outward and c alyr.g'd seas 

ts to anchor itself in place and fixate the fractured bone. 
The heating probe or other heat source is then removed. 
[0105] In otp r i - 't cms^ i 

invention (whether failing within Group i or Group ii}. the 
xueeai^r - de of stiff 3 mr-f i 

i ;> j p . .i . • .ii ; h > o j o ai h , of openings 
through its radial wail, so mat the wail has substantially 
the form of a meshwork. The meshwork preferably com- 
prises a pic , tiiil ribs, trite ossneoiedby 

<*'j t id a t inward, toward 

tneceraralaxis ettbetube Trie holding device, preferably 

a pin, is inserted along the axis and holds the struts in 
t ig the fixture from 
expanding. When the pin is removed, with the fixture lo- 
af side the bone, the struts resume substantially their arcu- 
ate shape, with the fixture either self-expanding radially 
- 1 1 t -r iii », - - appl at on of energy, 
until the fixture engages the inner done suiiace adjoining: 
the sntrameduliar cavity. 
3$ (0108] Over time, after insertion of the fixture in the 
intrameduliar cavity, borne tissue will tend io grow info 
and through the openings in the mesh -tike wall of the 
fixture, so that toe overall structure of toe bone will be 

io [0107] In another oft of the invention, 

thefixa ecomp ss traiiiy of leaves which are bent 
so that the Inner end of each leaf normally extends radi- 

itty J, e.wiin, • entre ng ataxia 

fixture. The leaves are arranged along the axis in a gen- 
orally spiral pattern, wherein each lest extends outward 
at a Sifrerent a r g'-> reiat 

ixls moneorn < her leaves tt t axis jdjoin It 
Preferably, the outer end of each leaf curves radiaiiy in- 
ward Before inserting t he fixture into tne bone, the fixture 

so Iscompres ward, to form a 

narrow, generally tubular shape. The holding device, 
preferably a pin. in tnen inserted along the axis of the 
tubular shape, so as to engage and hold the inward 
curved outer ends of the leaves and prevent their radlai 

as expansion. After the fixture has deer inserted -me tne 
intiarnedutlai cavity, the pin is withdrawn, and the leaves 
snapba>m twar< < t< nerbonesur- 

face and anchoring the fixture in place. 
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{0108} Alternatively, in other embodiment of the 
esent note terns en 

erg> rr.l ,1 he f xture and 

j x « furs te expand- 

ed, the balloon % preferably deflated and withdrawn al- 
though : t cart also bt- left implanted. 
[0109] 

same inirarnedulla - s 2) r, a\t 

balloon. 

[0110] 

the fixture Sseif comprises a bafioon, which is inserted 
* j it t e f it f t •> 

. < ti< ; siocomj sis plastic, to; exam- 
pie, Oscrors fabric, as is Known in the an, seated shut a; 
a dsstal end thereof. 

[0111] This bassoon fixture is also preferably inserted 
os igasyr i * l+ t - > in the 

i ir-a nt * -. ->d therein, 

th ough vvhic - - i i Once the bailooi 

is positioned and the sleeve and syringe are taken out. 
thai lis i ' ict - i -t - 1 
which is also taken out. The same procedure can also 
be performed without a sleeve, with or without a guide 

[01 1 2} Once the balloon is in place, it is inflated to fixate 
h,j Done, T t d i err ( 

solidifying fluid under pressure from an external source, 
, j - a t «< u -m a , > v atcitc fixate 
the bone. The balloon is then sealed, and the external 
fluid source Is disconnected 

[0113} Preferably, the solidifying fluid comprises a 
monomer material that polymeries within the balloon, 
or alternatively, a two-component cement, such as an 
epoxy. Such solidifying fluid materials are known in the 
art. The fluid's solidification is preferably catalyzed oy the 
increased temperature anchor humidity within the bone 
medulla. 
[0114 ] / 

presslb a fluid f < tsnse. the bt 

loon can be pe mod d rem< * bring the same 
basic technique (albeit in reverse) with which it was in- 
serted, 

[0115| 1 st * I op rred er tirnents, the ba 
loon can also include an internal structure, for example, 
resilient lor -i\ > esew an be fabricate 

from metal, ana can extend iongihw se down the inner 
side 0! the balloon. While the balloon is deflated, the 
structure holds tire balloon In a narrow, elongated, seb- 
stantiallycioaedcorifinumfiomsoasto easethe insertion 
the balloon in e b ft f has 1 

inserted and inflated, the structure provides additions! 
mechanical strength to the fixture, especially against 
shear fences. This gives the balloon the elasticity ee well 
as the strength of a bone fixator, once the balloon is in- 
flated in the intramedullary space. 
[01 16} 

b 1 « ba ) ssibis bid in 

the preferred embodiments, the balloon has a valve to 
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prevent ffejid from escst g (whifc ■ allowing fluid to 
be released, once oest ; a the oa oon wttn 
fluid, ilexes* 2 sthe ntramed- 

ulfar cavity. Preferably, an x-ray image is taken of the 

s b ne with the bs :>on s 

is still In a par or ' \ t, j sterol. The balloon's 
tto tn - r ir t t-c J t s n j --nt c < 
a hat the bs a 1 befc e 1 iiy 

inflating then - nth; >\ field n particular, 

« the longitudinal wires will show up on the X-ray image so 
that proper positioning can be verified. 
[0117] 1 t - - red fthe invenlio 

a metal balloon Is utilized which has a unidirectional 
valve, and which is inflated with a high pressure fluid 

•s {preferably saline). The balloon is contracted having kin- 
dred na bars wh oo act ss tixatio 
1 it 1 ih 1 t s or bars are corn 

preventing rotational movement between the broken 
» parts of the bone and preventing bending. This embodi- 
ment present n adva andtsrd ntramsd- 
uflar nails as no interlocking is needed due to the fact 
that the longitudinal rods prevent rotation The nail may 
ih f ave e Unas < a 1 mte pur 
2$ forming' s juid m s. Doting 
remov th mounted or ths tp Af+ • 

implanted naiito open the valve, releasing the high pres - 
sure within the nail and allowing device diameter de- 
crease. 

[01 1 8} Fixtures and 1 th -ids of bone fixation in accord- 
ance with the embodiments of the present invention de- 
scribed herein are advantageous for fixation of fractured 
long bones or shod bones. For example, the fixtures of 
- may be used for fixation of the 

•'5S bones of the arm - Thus, they may 

be used for tixaticr jes of me lints t 

+, + e- *< r- , j , r -> i the met- 

atarsals , the tibia, the fibula, or so fotih. It will be appre- 
ciated that fixtures in accordance with the present iaven- 

40 tjon cart be « ssary s\zt for the 

broken bone required, by one of ordinary skill In the art. 

Spine Fusion 

[011S] i it for spina fusion, a 

no ow syr nge ts insert* thrc not ack info the In 
tervertebra sps j slogan 1 glng te >r que An in- 
tervertebral fissoe erodes is then Inserted through the 
syringe lumen. Each embodiment is provided wrtn an 

50 eroding e« it ts vicinity 

device can come in the design of a brush or a spinning 
w re * whi n migh 1 ^ eter a 

suchasanorbwitncja * on of the eroding 

element, whether the brush, the spinning wire ortfie orb. 

as causes erosion of soft tissue in the eroding element's 
Vicinity. Upon eroding the soft tissue, the intervertebral 
tissue extractor then sucks out or removes the eroded 
mtervertfv - 0 which the 
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tervetlebrai spacer, together with a bone graft, is Insert- 
ed. The suctic ' chieved /use of 8 vac- 
uum through the longitudinal central lumen of the extrac- 
tor's rotating shaft or any other desired lumen. Suction 
or removal can also be effected by a screw within the 
en that would spin in t t s + 
the extraction device or which stays as is end takes up 
and out the tissue remains. 

[0120] The Insertion of the intervertebral spacer (also 
referred to he je) Itkefte in- 

sertion ot the intervertebral tissue extractor, Is made 
through the hollow syringe lumen, circumventing the 
need tor ex quenfinvasi 
surgery, 

[0121] Once m the intervertebral space and out of the 

ilameter due t : ertfes. or Is e:< 

parsded with en expander, thus fixating and supporting 
the spine. Due to i furtnet 

enables bone fusion of the two adjacent vertebrae, as- 
sisted by bone graft interposition with o; without bone 
growth factors. 



[0122] t idc i resent inven 

Walloon made o; a biocompatible fabhc. The Oailoon lias 
i ninfetp; rtv ch iscom nflatto Pref 

* , I 1 r- ^ <+ -~ t ( it 

as Oacron or Gors-Tex. Alternatively or additionally, the 
fabric may comprise blosbsofbabie rnatefial, as is known 
in the art. or a combination of inert and bioaosorbabte 
materials. Farther preferably, the prosthesis inciudes a 
strong, resilient reinforcing structure, fur example, stain- 
less steel wires interwoven with the fabric. Further, the 
balloon can have a thin wall of metal, the balloon being 
compressed wt i led fir he upward 

and d i»> iv n i 1 F, t te thf 

o s< t rosthesis can be mad; o* > 
elements interconnected so that, when inflated, it ex- 
pands radially and up and down, with space provided 
oetweori ttie tones to allow bene growth. 
[0123] After removal of some or an of toe disc metier 
of an injured d sr true the internet- a! disc space of a 
patient, the m i the disc pace tit t >e 

context of the pri ntd ;ra,f.he sioonp sthests 
^'5 ' i - > h lour - ss 

the prosthesis j The balloon is inserted in en at least par- 
fiats * - refei - < l 
which state it prefetebty assumes a narrow, elongate 
shape, through a percutaneous cannula. After the bai- 

l ss Let } ( , i t , so pr > i 

biocompatible solidifying t j i tor example, e hone ce- 
me it or, « en om« > as em 

known N t^o r to inflation tube to 

ie eo tht. bal- 
loon remains fimtsy in place between the vertebrae ad- 



joining the disc space an< the ver ae pert 
nentiyafansna- stiitabl i c-n A<sp, a htgn 
pressu ei - - i eueed okeep e 

prosthesis in its expendable state. 

s [0124] Prefe sis is Inserted into 

the disc see, , ; .i ana the bone 

faces adjoinir t see ms leaned us 3 1 
electrocautery urohe \ite < f e a, 

be removed and the bone surfaces may be cleaned using 

■t it t t kr \ n in the art. 

[012S] her , * w v 0 as to have a 

ougt j. porous surface, wh t • ; 

of toe vertc-ora; bones adjacent to the prosthesis into the 
fabric. Such ingrowth forms a tight bond between the 

re boneandthe; - * ibh ground bone 

matter, taken, for example, from the patient's pelvic bone, 
s spread ? tfetu cou age 

bono growth. Eventually, the two vertebrae on the oopo- 
s e s des p s 3 ill grow mi"j 

en and through the prosthesis and fuse together. During the 
sriod of ? growth , t reset T resthes 
holds the vertebrae at a suitable distance and mutual 
orientation. 

[0126] in some embodiments of the present invention, 
i'j the balloon comprises two circular pieces ot the fabric 



appro:. 
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of the disc space in which the prosthesis is to be Implant - 
ed. The two pieces of fabric cart be laid one on top of the 
other and she > - ound their outer edges 

» and at their centers. An inflation tubs Is attached and 
seaiedto the fluid port, which is located between the two 
pieces of the fabric at a point along f be cute- edges there- 
of. 

£0127} To insert the balloon into the disc space, the 
» balloon is roiled up about an axis parallel to the Inflation 
tube. The roiled-up balloon has the shape of a long, nar- 
row cylinder. In this shape, the balloon Is passed through 
r 0 cam is into the due rabiy using ha 

same cannula through which a surgical tool was previ- 
se-* ot sly passed I r is matter Once 
inside the alee space, the balloon is allowed and/or 
caused to unroll. 

[0128] The balloon is then tilted with trie solidifying fluid 
via the it on tube ! 

erailytomtda shape he major d - 1 1 
extending radially across the disc space, is. preferably, 
tpprc* teiy equal to it h disc at e 

ax!; , etws - 1 ng t 1 "-" disc 

to space, Is coat he inflation pressors 

of the fluid in me balloon until the vertebraeareheidstabfy 
tt the an atom Once the fluid 

has begun to solidify, the inflation tube is first sealed off 
and then withdraw te ca mtt a 

>& [0129] Alternatively, in other embodiments of the 
present invention, the prosthesis may comprise a balloon 
ofanyothe suitable siz i f exams! an 

1 rthsmiore, two or more 
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lialdian be imp anted and 

inflated side-by-side. Such smeller balloons are advan- 

,c rs in tiiafthev t nsert 3 ^ 

manipulate through the cannula than a single, Samer bal- 
loon, 

[0130] i r < 1 o- 

after the proethetse balloon is inserted :rs the disc space, 
but I: ore it Is iwft - t ) • aba oon 

is inflated with a gas. for example, sterile air or carbon 
Sioxide. The j - siiooo in the ds space s 

then visualized, to verify that it ie property pieced and to 
correct Its positioning, if necessary. Once these steps 
ire completed, me Pallc s ' - gas and ther 
inflated with the solidifying fluid or with high pressure fluid 
[0131] Venous methods ■nay be used tor visualizing 
it c npi- it i i v, i" 1 en 

cede re of per I t is performed 

under open n i as is know t 

the art, Alternatively or additionally, an endoscope, like- 
wise known in the art, may be insetted into or adjacent 

that is used for insertion of the prosthesis. Fu : 
natively, when » i i ie - 

ment fo ( examo.? th< 
wires aes, - 

he visualized using X-ray imaging, in which the radio- 
opaque element is visible, 

£01 32] The disc prosthesis can also be constructed as 
a metal hollow member which is able to change its volume 
by high pressure fluid insertion. This metal disc is pro- 
vided with protrusions in Its upper and Sower surfaces so 
^m-: <■ i t n t i ^ m nt vertebra! 

bone surface. This prevents disc movement and 
,i better siat a! mi; bonea 1 - ■ i 
[0133] in one i aped a bs^ 

are inserted percutaneousiy. in soother embodiment a 
donut-shapsd t e.toroidai) i s e r mot r ; net 
space is filled w u ;jr , t 

a tri- dimensional honeycomb shaped structure is area;- 
ed ef m , , s t s j t t ed i j 

This hot eycomb s ed ruck pr ferab y nas open 
ceils facilitating bone ingrowth mreugh the structure. 
[0134] Ail oft bedims c be tilled with so 

allying fluid or non-compressible f;ufd. if nomeompress- 
ibie ftuid is used, it is preferred that it valve be provided 
so that the fiuid - h) • ng use, but 

can be released tram the structure, for def iadon If desired. 
If desired the cJ ■ tmove the pro thesis can 

sttac to the valve , 1 3 therefrom 

[013S] Ax ' t eseritirsventiot 

are described with reference to minimally invasive, per- 
tocos c. :a .atmont it Will be appreciated that 
disc prostheses hi accordance with the principles of the 
present inventi r - J using other 

surgical methods known in the art 



Brief Description of the Drawings 



Figure 'I Is a schematic, isometric view ot s setf-ex- 
d ice with a 
preferred embodiment of the present invention. 
Figure 2A is s - ation show- 

ing 3 sail e> 1 eduii ore in a first, 

closed cor 

embodiment of the present invention. 
Figure 2B is a schematic, cectional i I ' P >' show- 
ing the fixture of Figure PA in a second, open con- 
figuration rs acc preferred embodi- 

higures 3A-3C ere schematic, sectional illustrations 
shewing the use of the fixture of Figure 1 In fixation 
of a fractured bone, in accordance with a preferred 
embodiment of the present invention, 
f igure 4A is a schematic, isometric representation 
o he r self -exp amtii n i 1 >:t:i m - i 
open coronation, in accordance with a preferred 
embodiment of the present invention. 
Rgure4B s > te 1 i o rat i>r / 

wherein 3 holding pic is Inserted along a central axis 

o? the fixture, in accordance with a preferred embod- 
iment of she present invention. 
Figure 5A is a schematic era view cf a; 
seif-expano a- a an open con- 

figuration, in accordance with a preferred emhodi- 

- 1 - t e a; invention 
Figure o3 Is a schematic illustration showing prep- 
aration of material torfabdeation of the fixture shown 
(ft figure 5A r i 

imeni of the present invention. 
Figure 5C is aschematic, sectionai view of the fixture 
of Figure, - an interna} 

i with a preft redembod 

imeni of the present invention. 
Figure 6 is a schematic representation of an m- 
trameduifar balloon fixture, in a non- nfiated state, 
tt ace xaar ce witr ed < dime e 

Figures 7A-7D are sons 1 < i - 

showing the use of the fixture of Figure S in iixattcn 

n n ed bone cures 
of ■=■<- n i of the fixture. Inflation of the balloon and 
removal of the inflar ash n 

. p., sr . c p.r are a a , 3 se al ev 
t , 1 fx 1 e ' n 

deflated configuration. In accordance with a pre- 
ferred embodiment ot ft p 
Figures 3A and9S are sectional end Isometric views, 
respectively, of an inflatable intrameduliar fixture, in 
an Inflated configuration, in accordance with a pre- 
ferred emboo " -:-venf:o r -- 
Figures ! 0 (a) (d) s - 
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two devices forbone fixation in open and dosed po- 
sitions, in accordance with a preferred embodiment 
of the present invention. These devices can be 
opened fey a transfer of heat {e.g. if they are con- 
structed fro-n shape memory materia!}, can be 
opened by ace of e balloon, or by any additional sail 
' , t) , ira d o i 
illustrations of a first embodiment of the device, 
shown in compressed and expanded configurations 
respectively. Figures 10(c) and id) are illustrations » 
of a second embodiment ot the device, shown in 
compressed end expended configurations respec- 
tiveSy. 

Figure 11 Is £ oration 
of a bone fixation device whose height can be me- « 
chanioaiiy varied, in accordance with a preferred em- 
ft eseftt w« fit or. it s s own in 
dosed (Figure 1 - a) and open (Figure 11b) configu- 
rations. The device can incicde hinges at its joints 
or joins? -has undergo piastre deformation an 
Figure -2 is a schemaus isometric view a; an ox- 
acei and inhameduliar 
bone fixator, in accordance with a preferred embed- 

t 1 f r tt i multiple 
surface openings, 
g i i asseetior «vofs 

- lebrai bone spacer and intrarneduiiar bone 
fixator, in accordance with a preferred embodiment 
of the present invention. a> 
Figure 13B is a schematic cross sectional view of 
the device of Figure 13A, shown in its compact, re- 
duced diameter state for insertion. 
Figure 13G Is a sectional view of a modified version 
of the device F ' expand- as 

- ' oie j • 

Figure 548 is a sat--"!- ati aa vow of •» 

the prosthesis shown lit Figure t4A. 
Figure 1 5 is a schematic, isometric illustration show- 
ing the insertion of me prosthesis cf Figures ■ OA and 
148 into the s rtebi pace ofapatie t 

accordance with a pt t - < the ■« 

present invention. 

Fig s 6 is a c vOd naeorom 

plane, showing the placement of the prosthesis ot 
Figures 14A and 148 in the disc space. In accord- 
ance with a preferred embodiment of the present In- » 

Figure 17A is as /tew in thecom- 

as! plane of Figure 5 6, showing the inflation of the 
prosthesis of Figures t4A and 148. within the disc 

30a« in C< r ' • sv 

cf the present invention. 

Figure 1 78 is a schematic, sectional view in en axial 
pfane through the disc sr. 



prosthesis as shown in Figure 1 7A; and 
Figures 18A, i8B and 18C are respectively a sec- 
tional view, a top view and an isometric view of a 
uiso prosthesis - with a portion of art intiaSor mecha- 
nism). In accordance with another preferred embod- 
iment of the present invention. 
Figure 19 is a chart summarizing the various meth- 
ods and oevices for bone fixation and intervertebral 
spacing, in accordance with the prefer eci en i < 1 
meets of the present invention. 
Figure 20 depicts views cf additional preferred em- 
bodiments of an Inirarneduiiar fixation device Figaro 

tore Figure 208 is a cross s -* asw cf the !m 
tramednifary fixture 0; Figure 20A. Figure 2GC is a 
e hematic, partis 5 a medutfary fix 

ture of Figures 20A and 208. 
Figure o - 1 eferred 

bodiments of an intmmedoiiarfixation device caving 
a va've 

. ■■> s a cross 

sections; view of the device of Figure 2 ; A. the device 
being shown in the compressed configuration, with 
f he view Peine taken in cress section atone line A- A 
of Figure 21 A. f gu • - >\s-secticn 

t i A A m - u „ 4 

figure 2 ; D isan additional embodiment ofthe device 
shown in Figures 21 A-C. The device is further pro- 

r j < t 1 - 1 1 t " M 

in the area of a f racture. 

Figure 22A presents two cross sectional views of 
iven- 

tion. Cross sectional views of both the constricted 
and expanded configurations or states are shown In 
1 1 t ed and expanded con- 

figurations being superimposed tor comparison pur- 

another embodiment of the intrameduilar nai! inven- 
tion As In Figure 22A, cross sectional views of bote 
the constricted and expanded configurations or 
states are strewn superimposed fercornparlsen pur- 
poses. 

Figure 23 illustrates the media! iongtcdinai canst 
which cam be provided as an additional embodiment 
of the invention. The canal is provided tor location 
at the fixture en a guide wire to facilitate positioning. 
u'ir,!A5 r-m hj Ft Mrt having 
toe canal therein, and Figure 2$B is a schematic of 
the fixture, showing the canal extending there- 
through. 

Defatted Description of the Invention and the Preferred 
embodiments 

|0137] Features of the invention are further illustrated 
by referee 'or t 1 ription and 
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f which pr csure of the in- 

vite* 1 i & bod Ttents 

[0138} Rgu e 1 is a schematic 
tlon o? a sell expandir xture 20 ir sc 

cordance with a preferred embodiment of the present 

iv t vu r _o t ! ucted of two 

sheets 22 ana 24 of res'iem, biocompatible materia!, 
preferably s superelastic materia; or a shape memory 
material, as is fonown in the art. Nitinoi is preferred. Al- 
ternatively, the fixture may be constructed from another 
biocompatible metal, such as titanium, orapiastieorpoi- 
ymer material. 

[0139} Scc t p ir r ^ r (ally rclted Jtgntty to- 
gether Into a cylindrical form. Each sheet ©? this com- 
oai "q ! if f ' - g 

SA). and fixture 20 is inserted, in this compacted form, 
into the rttrart S f i bom (Figort 3B as 

described b low VX n re is therms ased inside 
the bone,! i £4 causes them 

tt srti I, l f j genera! 

shown in F r ~ xpar ; ds moiai 

tfwa vt to a is shown it 

Figure 1. 

[01 40} Preferably, outer edges 28 and 28 of sheets 22 
and 24, resp foci when fixture \ 

is released ins >« xjes beou naa>a ; iy out- 

ward, as shown In Figure 1. Edges 26 and 28 will then 
engages nm ' he bone sutroundrngtha i 
irameduiiar cavity, so as to hold figure JO firmly in place 
and prevent sliding or rotation o? the bone relative to the 
fixture, Preferably, edge 26 is bent at art acute angle, and 
edge 28 is bent at an oblique angle, as shown in the 
figure, so that fixture 20 resists rotation in beta eiooKwise 

no i - - , r ^ 

[0141} Fsgu e \ I sectional rep- 

resentations of a seif-exp din - iullar fixture 36 
> ' " rad-a : se-f 

expansion of such fixtures, in accordance with a pre- 
n l mention. Forsimpftc 

ity of itiiistr abort, fixture 38 comprises onfy a single sheet 
38 of self-expanding material, preferably resilient mate- 
ria! tw be understood that itramaduiiar fixtures tased 

i t e ( it i n, as exempt-fic 

by fixtures 20 and 36, may comprise one. two, or more 

v,f ^ftS t --II I <T <* 1 - + tf" -1 „ 

shown in Figures ] , ?.k and 2B. 

[0142| F > . ' v f sf.ciossdcon 

juration, in vi xi i radial !y 

warn to taoiiifate its insertion info tne mtrameduliar cavity 
of a fractured bone, as described below. For fixation of 
phalanx bones ol tne fingers, for example, fixture 36 p;ef- 
ersbfy has an onto!' diameter of only snout 2 mm in this 
closed configuration. Figure 28 shows fixture 3f.t In a. see. - 

1st + i es she 

location within the cavity to fixate tne cone. Preferably, 
the diameter of dxiurs 35. In the open configuration of 
Figure 2 B s it r> , the diameter r 

the closed configuration of Figure 2A. Wore preferably. 



the diameter in tne open s ipprexirre te y 

twice the diamete ithec i o 3rt nthecase 
of phaianx bonefixation, for example, the diameter in the 
open config tt sferabi; p, ox mateiy 4 mm. 

s Theiarcieoe ! e cfc ed and open 

t rr < r is V; j o in that * facilitates Inser- 
tion of fixtnm 38 into rc o ■ s , ^figuration 
h rough a hole of mir r lea the end 
of She broken bone. 

a> [0143] A - Dove f ence to fixture 2C 

sheet 38 profs - < see i tperelastie material, 
_ ,< \ • i f tu ; 'O 

pandum at _ ^egeine nner 

<s bonesurtacasu oundlngft i * caviby.loex 

ert strong outward radial force on the bone. 
[0144] Sheet 38 , prise - r emory mate- 
i such as t \ sproda 1 s s known n 
the art, so as to have the open foam shown in Figure 28 
on ana to be normally in tne austeniho state at body tern- 
pc-atik tt! ;d nin Figure 2A 

however, the tome exede j t rolling ip sheet 38 prefer- 
ably causes the material to assume a state of stress- 
indnoectrnartensite. In mis state, trie materia! is relatively 
as Kit rtaktns it asier to insert fix! eif 

nto the bo> u s expanded insid 

'pet f jurat >n shown in Figure 2B, how- 
ever, the stress on sheet 38 Is reduced, and the materia! 
reverts t 1 t »stenitic state. 

The rigidity of the materia! in this state facilitates firni 
fixation of the bone. 

[0145} Additionaiiy or alternatively, the shape memory 
materia! may have a critical temperature m the range 
between room temperature and body temperature, pref- 
•ss erabiy around 30 = C. As described above, the shape 
memory material is formed so that in tis austenhic state 
(i.e. aPovt ' 

the open, expanded form shown in Figure 28. Below the 
cntical te" - ■ - : • ' ■ ■» fixture 36 into 
the bone, the shape memory material is in a fnartensitfc 
state, in which it is relatively flexible and elastic ana is 
compressed mto the closed configuration shown In Fig- 
ae ^.A l b •- lit- t 1 ^ b )ne it Is 

warmed ie.g by PoaV heat; to above the critical temper- 

■« store vhere i ss its s bstar ' atiy 

rtgld, austenhic state A neattiig element may be toxnicht 
into contaot with the fixture once it is mside the bone, for 
example, as illustrated in FlgereoB and described below, 
to hasten its a = and state cfc me, 

■>o [0146] I 

iions showing the insertion of a fixture 20 into imramedi- 
uiiar cavity 40 of afractuma bone P2, in accordance with 
a prnfcioea embodiment of the present invention. Al- 
though described with reference to a phalanx bone, it wilt 

»* : be apprer at ,s in accordance 

with the principles of the present invention maybe applied 
in the fixation of other long bones (e.g. the humerus), 
with apprep'-av ptations fo ft fences in size 
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and mechanical strength required of the bone;;, as. will 
t>e apparent to one of ordinary akiif in the set. 
[0147J At. i' e v s inserted 

en 4? within s satfcmofpha 
j < - i uses a syringe 

He _ vf 1 > len irstrodueec 

pet titans L s, r o nira ti 40 through an 

opening 45 at the end of bone 42, and past a fracture 
site 44 in the none. 

[0148] AiiSTS'vnr. a sma i incision may be made 
hnouoh the skit t es. tc »sj" ze e bone. 

d , r t t of the 

- i * r 1 ^limo such a hole is the prefer- 
able raeihod for inserting fixtures, in accordance with 
some preferred embodtmsms of the present invention, 
particularly for larger bones, such as the humerus Dhii- 
ing the hole before inserting the fixture also makes if eas- 
ier to remove the fixture, if desired, after the bone has 
healed. 

[0149j Asshcwn *Rg a4fsi r 

in place, stylene 46 is withdrawn, and fixture 20. in its 
compressed, cioseci configuration, is passed into turner: 
47 of the cannula, Preferably, a plunger 43 is used to 



m-tn i i f «pandedtosub 

st \ y 40 , t C. The fix e 

self expands in the self expandable embodiments dis- 
closed herein. Alternatively, in other embodiments, as 
disclosed below, the fixture is expanded using externa! 
force or energy 

[0151] The self-expansion of me fixture forces curved 
edges 28 and 28 of sheets £2 and 24 (or 39 of f ixture 36) 
t n b^. e 12 
across both sides of fracture site 44, This force anchors 
Ihefixt a in f prevents elative motion of the 

sections ot h tra; ed i In som preferred n 
t xiirne its of - rein sheets 2< 

and >4 compi lap© memory rt < 
above, plunger 43 may optionally comprise a neanng el- 
ement for heating fixture 20 to above the critical temper- 



J0152J After fixture 20 is pos 



to cics 



■e. Within a 
3 illustrated 



h nnre a' 
ire figur 



red rn 



act In able 



I te mechanics airs tg.tr + 

fixture 20 also me agatns? axial and fat- 

era! forces that may be exerted on the bone, Moreover, 
am re e > f s " r t- i a me 

r-, in , " i jtjt, I 



the 



nciabk 



art. Ifciesi 



ered with a sheath so as to prevent beam: ingrowth and 

facilitate subsequent device removal. 

[0153] Figure 4A is a schematic, isometric view of an- 



other self-expanding it - '^a.c'tj 

arce w th ano - 1 
invention, Fixture 50 comprises a pluraifty of longitudinal 
ribs 52, conns j a in inferential struts 

s 54. Ribs 52 se resilient 

i are r a n al. oraitamadve 

ly. shape memory mat i ! d acove Figure 

4A shows fixture 50 m a substantially open configuration, 
which the fixture assumes when it is located inside the 

« bone and allowed to expand. 

[01S4] f v tic, sectional illustration 

showing fixture 50 t a closed or constricted configuration 

fiure into tnis c . ratiw sag cylindrical 

is holding pin 66 (seen in sectional view in Figure 4B) is 
tssaedgrad f axis 3 ot the fixture. As 

pin 56 is insert c > ut 54 Is, In to a 

bent inward across axis 30 Pin 56 passes through and 
"captures* or locks the struts in place as they are bant, 

an thus preventing the stmts from snapping back to their 
ot ward < ) a a. As struts 54 are bent 
(ward lea 6, ribs 52 are drawn mwa d 

m At a iowf fituiJ f t i apit 56 thong 
tf;e entire length e? avis 30 through fixture ad. the fixture 

i'j is brought - ereit tsoi er 

□ l / o d aree- 

ter or dimension of the fixture in me dosed configuration 
of Figure 48 is reduced to no more than half the diameter 
in the open configuration shown in Figure 4A. 

an [Gins] - m > + da r erted into 

trameduilar cavity of a bone (for example, cavity 40 of 
bone 42, as illustrated in Figures 3A-3C), pin 56 is re- 
moved. Upon removal of the pin, struts §4 spring bacK 
to their original, circumferential positions, and the fixture 

m resumes the open configuration shown in Figure 4A. 
[01 56 j As described above, fixture SO may. if desired, 
be made o f s h ra ial, which in its norma!, 

austenlfic stats iintsi t r ' antic oration With 
substantiaf rigidity. As struts 54 are bent, they assume a 

40 tateofsn ii t mix a - 

ratio state when the stress is removed as pin 56 is re- 
moved. As discussed above, if desired, this device can 
be covered with a sheath or sieeve (such as an expand- 
able flexible polymer) to prevent bone ingrowth. 

45' [0157] As a further embodiment to those described 
ft. i\ e, anc i bone fixat t is si own in 

Figure 5. The nstenaf ' device is m re 

although the device can also be made from a polymer, 
stress-induced martenslts (SIM), smooth tin. or other 

50 suitable materials. 

£0158] fn accordance with a preferred embodiment of 
the present month • SA hematic, end vie* 
nr-v ,v^n a to pt a 

configuration Fixture 60 is preferably termed of resilient 

as material, more prererabiy supereiastio material, as de- 
scribed abc\ - ecomj a pit rafity o : leaves 
62,66,68,70 72, 74, 78 and xte -p tda, ut 
watdtnaspralpane - > , ^ • ? 
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leaves extendingfromacentmLgsneraiiyfubuterporSon 
63. As shown m the figure, each of the leaves extends 
outwa J a j different ang i Oiss measured 

of as jte referents tm otst >w t >> er 
the axis to a point located at 0 (zero) degrees or* trie 
c it tf r ■"■ r sxpar i ation of Figure 

5A, the leaves engage the inner surface of She intraroed- 
uiiar cavity of a f-aeiured bone (for example, surface 49 
of cavity 40, as shown in Figures 3A-3C). In orrierto hold 
fixture 60 in piace and fixate the bone. Each of the leaves 
t as s L a e C v i - >uiar porti 63 

'It < - iant r 1 64. 

[0159} Figure 58 is a schematic Illustration showing a 
iai she r ut in prepa 

ration for fabricators of fixture 60. in accordance with a 
preferred embooiment or the present invention i. caves 
62, 66. 88, 70, 72, 74, 76 and 78 are cut out 0} sheet 65 
in a stairstep pattern, i.e. each leaf presents a step-8ke 
extension, as shown in the figure The leaves are then 
rotted up, one after the other. The leaves are rolled about 
axis 30, in the direction indicated by arrow 79, so that in 
the closed configuration shown in Figure SO, the leaves 
will expand to the shape shown in Figure SA. 
[0160} Figure SC is a schematic, sectional lustration 
showing fixture 60 in the i at n prepa 

ration for insertion of the fixture Into the tntratrsedoilar 
th reference 

to Figure 46, is inserted along axis 30 of fixture 60. 
Carved end portions 84 of leaves 82, 68, 68, 70, 72, 74, 
76 and 78 are bsnt inward and hooked around pin SS. 
Fixture 60 remains in this dosed configuration as long 
88 pin 58 is in piece, in me closed configuration, the de- 
vice maintains a smaller external diameter man me oean 
configuration, to facilitate insertion of the device into the 
bone. After Insertion of me fixture in me intrsmeduiiar 
cavity, pin 56 is withdrawn, and the resilience of trse 

ward, s t fixture! 
resumes th« > -on shown 

r - gore oA ■> thi 1 c, ilamel bone f <ai c 
sept )ft p i above 

[0161] The device, as with the other devices in the ap- 
plication, cars also expand by heating, faking advantage 
f the mats i V v i 1 [ e 

other embodiments of the invention disclosed herein, it 

irawwtebral support. 

[0162] Rgure s is a schematic II s ation of another 
expandable ' - <-p,i t fixture 80, composing a bal- 
loon gg, shown here in a deflated state, in accordance 
with an alternative preferred embodiment of the present 
invention. Balloon S2 con be formed of a flexible, bio- 
compatible piastre for example, a sieeve of D.acron fab- 
ric, as is Known In the ait. seated shot at 3 distal end 
thereof F <Cu< t o <g, resilient 

longit dine) wise 84 rt stibit natt a 

(most preferably stainless steel), for w- x - - rl 
toon 82 Wires 64 n , e'e; m be w con ntothsOa 
r ' brie of bailee ' - pis 5ailoon82iscon- 



nected via a i t tube 83 

J0163] Bs o t r t ctedfrommatat 

having one extremity sealed shut, the other extremity be- 
ing provided with a valve. In a metallic embodiment, bal- 

s oon °2 ca w cs si bars, as 

ifee ed at e. it cb an embed rent t b o 
can have a fhir ; , t itudinai wires 

ot cat* tie e fe j bent Inwardly s 

as to redt 

» sertton. 

[0164] Figures 7A o e t tra 

tions showing the use of balloon fixture 80 in fixating frac- 

ed bone 4? As described , - 
Lfras3A-3C ntheprefan ernt ents, a hole 45 is 

«' first marie in tne end of fractured bone 42 io provide ac- 
cess to the bone's medulla Asenovm in Figure 7A, fixture 
°>, cf^OT n v/ mil 45 n tc otEPtnt o j! -E 
cavity 40 using cannula 48. Although a thin hollowed out 
space can be created within the medulla prior to insertion 

en of tne fixture, m me preferred embodiment, insertion of 
the fixture 8i g - a s f e ntermed- 

uffary space. 

£0165] Preferably, inflation tubs 88 is used in place of 

« through the cannula 48 and position the fixture 80 within 
cavity 40. it is preferred that the fixture be provided with 
i medial torn/to to aifov semi e 

inflatable rod over a guide wire. Longitudinal wires 84 
5 r irr vs elc ngat profleps 

en rs to ease t th - to cavity 4< 4", t 

cane la 48 is withdrawn from the bone, fixture 80 is left 
extending through a substantial portion of cavity 40, 
across cor sto > down in Figure 

7B. 

m [0166] inflation with the non-compressib e fluid Is pref- 
erably accomplished with an mfiator having a pressure 
gauge Tne pressure ■■ luring fht 

ation of the fix jtos So rise in 

siV t 1 <■ I 1 t [ fl, t eo 

■rs > ' c net ii : ate', to re- 

t >/e tt j iev :e t hut >r fixture r itr ;v.= - ruse '> rt 
over tne proximal part of the fixture where the valve is 
positioned. Tnis fiuo can be need to open the valve, al- 
lowing fluid to be removed so that reduction of fixture 
diamerer can be achieved to faeiiirate removal. 
[0167] As illustrated is; Figure 7C, after fixture 80 is 
nserted n cavity a o, bs - ted via t b< 38 
Preferably, the balloon is first inflated with water (e.g. 
saline), where ttstantiaii 

50 the entire width of cavity 40. At this stags, an X-ray Image 
of bone 42 can be produced. In the image, wires 84 and 
the bone are both visible, so that proper positioning of 
the fix-to te SO can bs verified, 

J0168J Balloon 82 is then emptied of the saline and 
as o-> a«* a f cJ which fills th 

i £2 s s to fixate thf v - . 

,'ing field c< i monome it j 

arizes within the balloon, or alternatively, a two compc- 
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nent cement, such as an epoxy. The fluid's soiidlficstion 
is preferab'V catalyzed by toe increased temperature 
and/or rum fir, g t edu a 

[0169} As shown in Figure 70, after baton 82 fcss 
been filled and the fluid has at feast partly solidified, inlet 

jrt 86 is sea wn, Wlihi) 

short tin f inch rirt 

txtureS v 8 ovid 

add t o fixture 80, f Jrtic t it v 

improving the fixture's resistance sc lateral, bending and 
shear forces, irt a further embodiment, e sheath or cop 
■ n be v afeci ,t ' n hp-n? ' 

bene ingrowth within or into tne valve. 
[0170] As in the other preferred embodiments de- 
nl 3 13' r t > of fix- 

ture 80 into hone 42 is closed and allowed to heal. Bone 
4 ') *' r - , t i ft j r " f r t ter 

ihe bone fixation surgery. 

[0171] If dee t • be > - ealed, fixture 80 
may be removed through hole 45 or via an osteotomy 
elsewhere in bone 42. Preferably, at feast a portion of 
the solidified fluid is drilled out or broken up, and the 
fix! jr« is ti ; i i , , oved. i 1 an alternate 

embodiment, liquid or gel is used, Drey ere merely suc- 
tioned or pumped out. for collapse and removal of the 
fixture. Alternatively, In those embodiments using a 
vafve. -he valve can merely be opened so that when the 
rod is pulled out of the borte through a narrow canal, the 
rod will be caused to reduce in diameter.) 
[0172] Further preferred embodlnrn ts a 1 * 
Figures 8-1 1 . Figures 8 and 9 illustrate embodiments in 
which the balloon is designed so that only a portion is 
inflated with fluid. As snow in tne figures, the shaded 
sections represent the fluid filled areas of the balloon. 
[0173] A if hte i v 1 • > 1 mfi 

1 t ce can be formed based 

on a lattice configuration. 

' it f-CfC 0 
w chiitustra « e views of tw 1 r 

badimems of the configuration in both the smalt, con- 
stricted, dimeter and me large, expanded, diameter. 
These embodiments can be inserted into the bone taking 
advantage c - r eremite su- 

per-elastic or shape n , = tsed above 

[0174] In ! e ' i e> c v go e the 

devices are each formed in a meshwork or lattice cori- 

j i i s- v Oi 

of a first embodiment of this lathee configuration, while 
Figures 1 n tfasec 

es a rtd ' Of a first 
smalt profile state is iNustraled for each of the devices in 
which tne devices are ; ppi essed into small diameters 
d. This reduceo dian-ister facilitates ease of insertion into 
the bone. Figures 10(b) and 10(d) show the respective 
- ach wrth increased di- 
ameters d' aft Hie, the 
properties of the supereiastic or shape memory material 
tset € ie f e expanded 



diameters. 

[0175] Amtoijgh of similar construction, these fit-stand 
second embodiments differ in the design o' shelf respec- 
tive lattices, Theftrs; embodiment (Figures 1 0A and 10B) 

s scent o *cj i inaconfig atf i 

tha u * < J v \ i 1 -.a 

utward int em » • - t squares 
The second embodiment is constructed as a reduced- 
s 25 ihe, m ->g a si 

« nits, which expand c w ■ ?s of intercon- 

nected hexagons (six- sided polygons), ike a honey- 
comb. 

[017S] mada r m -> sn >\n - h 

ermeshworks _ vided. likewise, 

ts although she embodiments shown am preferably for use 
in s<*if cx, , constructed out 

of ott mat ri e devices 8 t i 

expandable devices, as disclosed below, will expand 
from the reduced to the expanded diameter state upon 

ao application of suitable energy or force. 

[0177] Pom t t ' H - mo "cdHtvuo 
intent of ihe present invention. The fixator is constructed 
tis a ror i j ctsv ; which can be set i< tw 

heights, Hi and HP Rigid rods or oars 85 are hinged at 

■m points 80. By applying external fame 05 on the hinge S3, 

ingitsexp *s new te g*" 

H2 (compare Figure 1 18 to Figure 1 1 A), 

[0178] I • 1 * nls are described 

tin nwit ferenci to fixation of fractured phalanx and 
humerus bones, jntrameduSiar fixtures in accordance 
With the principles of me present invention may be pro- 
duced and used in fixating substantially any of the body's 
long bones. Such fixtures may be used, lor example, both 

•» tn small bones of the hands and feet, such as the meta- 
carpal and metatarsal bones, and in large bones, such 
as ihe femur, 

[0179] i't a f n i m methods of 

bone fixation In accordance with the present invention, 
•«•' e+p che > ad mmtJ to' e it t t ' stir s f 1 t 
bone being fixated, have me advantages of minimizing, 
operative trauma and damage to soft tissues, Further- 
more, because no parts of the fixtures are left protruding 
through the skin, the risks of infection are reduced, and 
the patient is able to mobilize the broken bone more 
quickly than the prior ad 

timer ferverfefj/a < s By Spin 

sion 

JM80J The principles set forth above may further be 
used to tree; problems of tne spine and vertebrae, such 
as in spinel fusion cue ant es i accordance vsitl the 
present invention, in order to achieve spine fusion, we 
optimally use three procedures: 

1. A surgical tool I i mghiy extract the 
vertebral periosteum in the Intervertebral space with 



Si? 
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th8 RUCKUS ' ' - - ess bene growth 

[osteosynthesis), 

2. The intervertebral hollow and an imercommuni- 
)tvn e.; o Ftgurt i t3) e at s 
r .' erposiiion Is - tw tc - 
or with soporous design, enables boiie tissue 1 grow 
through it and enhances bone- synthesis and verte- 
bra! fusion. 

3 H nb \« i type such 

as a Nitirso! spacer, has flexible compressive char- 
ade s so as toe - , nog on the in 
ferpcs&onecf bone and to enable bone synthesis 
One materia; which car: he usee is a msinoi, sponge 
type material {i.e. a porous nitlnol). 

[0181} As the first step in the procedure, a synrtge is 
insetted into she damaged disc area, with or without a 
rylet Pr ferabiy a sorgi nosed i< "nibi: e 

a! or erode soft tissue only, including the vertebra! pert- 
( eur t w i j ne steel 

[0182] Oncet ^^ > n has: been completed 
it Is possible to insert the e> r ertehrafspac 

e toamrthe: e>:par;dabt« ic r r eoush " >egt 
the hoitow syringe, as with the embodiments of she in- 
tramedullary fixation device disclosed above. The func- 

ertharsce bone growth up to bone fusion between the iwo 
vertebrae adjacent to the intervertebral spacer, 
[0183] As shown in Figures 12 and 13. preferred em- 
xjiments of 1 <~ ftti v< - r 125 or 130 

rated l ugh the device can be used for irt- 

, - * The intervertebral spacer 
125 or 130 is initially inserted through the syringe in the 
compressed, reduced diameter form illustrated In Figure 
136. Ties space-, like the intramedullary fixation device, 
is ltd, n oir ' - i in a reduced diameter profile for 

<, the tr e-vertr bra sc s 
cutaneousiy insert the spacer, due to the reduced diam- 
eter prof s of the space' afls ws major surgery to be 
avoided, as disclosed above, and reduces the trauma 
and risk of infection to me patient. 
[01 843 Won insertion of the intervertebral spacer 1 25 
or 130 into the intervertebral space, the spacer uncoils 
to react the expai $ k g ire ISC by 

v e >< t e l nies. As wit 1 

mens^f \ si j b v i s < . c 
or iSOisprere » i t te metal o pc 

ymer and is Initially inserted through the syringe m the 
mm- pressed, reduced dia - + i-ed n Figure 

138,Thespac$ a ?3ssucbas 

annealed 31 1 ^> yle.g 

Nltinoi), or a polymer suet) as pofyuretnane. in the event 
thai annealed mate: el a used the space! 125 or 1 30 
will require the assistance of an expander to expand its 
diameter after Insertion, This expander can be a balloon 
inserted through the syringe which Is inflated to dilate tire 
pacer to the d its ore Alter- 

natively, the expander can be a mechanics! expander 



which Is mstt" t r )d wf c s« f 

expands, or wh - - side assistance 

In the event ths s self exp« dabh aterlai is used for 
'en ce tnis exp t toyed merely 

s to assist wht' expansi 1 d - i ! or needed. 
[0185] As can be seen with reference to Figures 1 2 or 
13C, the spacer 136 or 130 is provided with a series of 
sores or gaps 12 s surface - r « 20 v< i 
are circular, rectangular, or any other shape) enhance 

«> verfc sbi y by o e ^ - t - it rov hrough 
pores, and e ve ally direct etween adjacent ver- 
ebrae, while these - Protrusions or split 

1 r 3,<> also be provided t jot si 

face and ass with fix statbllizaiic ofmespac 

[0185) As further shown in Figures 13A and 13C, In 
the prefr r< a t mbod me nts s; 

a locking mechanism such as one ormore locking fingers 
floor teeth 15 9. This locking mechanism farther main- 

ee tainstheexs: > f f rvertd>ra! spacer 

130 and ra it on of the spacer 

130 back to :ts reduced d tame dm state. Figure 13A illus- 
trates the use of one ormore locking fingers 1 1 5 In spacer 
130 When spacer 130 expands leading edge 123 of the 

£5 spacer travels past and over locking fingers 1 15 or teeth 
119. Locking fingers 115 or teeth i id resist retrograde 
movement of the leading edge 1 22 or contraction of the 
spacer 130 by trapping the leading edge 122 within the 
"V* shaped gap of the locking finger 1 1 5, or the groove 

ao of one of the teeth 118. Asa result, In response to the 
application of force to spacer 1 30 while it rests between 
the vertebrae, the space- exhibits flexible compressive 
bv e to the 
, r^ tartism. 

se 018 ] / i of She thorough 

cleaning of the bone surface, the special spacer porous 
design with its flexible compressive characteristics, and 
; bone 

fusion r the '< - m space and stabilisation „' \ < 
io tebrae up to the point of bone fusion. 

Intervertebral Disc prosthesis 

[0188] - * t gures l-'IA and 

143, which are schematic illustrations showing a balloon 
pi sths i i ' nsettion n ic ntervertebra dis 
soace of a patient, in accordance with a preferred em- 
bodiment of the present invention. Figure 14A is a top 
viewofthep- f s. whereas Pigur 18 is a sectional 
50 view, sn wf i ^ated state 

as described below. 

J0189] 8a -'■ reprises two circular 

pieces of biocompatible febnc or poiymer 142, preferably 
lev "ij n , to the diarn te 

os of an interveh s preferably woven 

our of strong, inert, synthetic fibers, seen as Oacroo, 
Gore-Tex or of - ben wn in the art Ate 

natively or additionally, the fabric may comprise bioab- 
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sorbable materia!, known m the art, either by jjseif or. 

s i - s The fabric 

preferably has 3 rough weave, so that after implantation 
of prosthesis -40. as dsscric c me % owth 

mio the prosthesis is enhanced. 
[0190] Furthei f Ite natively the two pieces of fabric 
42 may b l t npatibtema 

tenal, as ng '-'-if 
ie be st ted into ;b< < s 1 tedtt s sun 

dent pressure, as described below. 
[0191] 

en.forexampie, from the patient's pelvic bone) be pfaced 
on me outer surface of fabric 142, before end/or after 

j prosthesis 14 c - stantiaiqus 
% of the bone substance may preferably be contained 
in the hollow et center 146 o? the hai'coe. The ground 
subst if h i ' uj'»rl 

fixation to bone. 

[0192] ft is aiso prefe ed that Sh« n furthe be 
provided with protrusions 153 in its upper arid tower sur- 
faces so as to stick ana t i nri down mto 

the bone surface. These protrusions prevent baifoon 

cteanda nsbetisr i of ihs stioc 

[0193] \itf ferred • s e a < c o> 

beteir; with reference to the aerie-ally toroidal balloon 
shown in Figures 1 4 A god 148. itwlbe appreciated thai 

the principles of the present invention may foe applied so 
produce anci implant balloon prosthesis of different sizes 
and/or shapes, such as ellipsoidal and crescent-shaped 
bafloons, or two parallel, cyiindiicai, rods. 
[0194} Fabric pieces 142 are sealed So one another 
amend their enter edge 144 ana at tneh circular- confer 
1 46. As one example, heat sealing can be used, a tech- 
nique which is known in she ah. Preferably, one of more 
strong, resilient wires 152, preferably stainless steel 
wires, are interwoven with fabric '142 to reinforce the 
structure of balloon 140. Wires 152 are shown In Figures 
1 4A and 1 48 st outer edge ■ 44 of the balloon, where the 

the balloon al gen pieces 142 The 

wires are also useful in stiffening the balloon, fo make is 
easier to manipulate and p :s t oi a ; t n the citsc space, 
as deecrleeo below. Alternatively or additionally, such 
wires may be interwoven at other locations in fabric piec- 
es 142. They can ats t cl it by at - ,r - 
wire when ed in oonjt on wish X , an t g 
(01951 ^ 

44 A - v : ; n f^ fl 

When n p 3ssui d fluid is in ctec. - jugh tube 168 

ito ;ort 148. the held fill o 150 wlthif 

battoon 140 to 8 e s pressure 

[0106} Figure IS is a schematic, isometric view illus- 
trating the implantation of prosthesis 140 into a d:sc 
space 162 intermediate two vertebrae 184 and 166, in 

coord jimenf. of the present. 

wet 3i v fs - , i ( c specs *e 

e place at trai his p. a disc that has 

eon emiated.it pare antation of the 



prosthesis., aeanrut, r ttefec^Y"* 
discspacei62 estate app " u Substantially a v 
he r e urgi disc fiom the d 

prior to impiar jtioi of tin prosthesis, 
s [0197] In order to ins 1 l C nto cannula 

t6C the prosthesis i Into am « ongate.gen 
orally cylindrical form, as shown in Figure 1 6 The pros- 

I l< "irtl P s a 1U d. - 

now eroded o, discs eH ferabiy. inflation tube 
to 158 Is stiff enough so that it can serve to push the pros- 
thesis through the cannula. Otherwise, other surgical 
s purpose. 

[0198] t 

diameier structure arte flexibility of prosthesis 1 40, in ac- 
re content* «. the onto ; rf the present invention, 
'-oat itpossi [ t jgi at w 

cannula 40. Disc prostheses brown in rite ah cannot be 
compacted in tiiis manner nor can they De subsequently 
opened and f 62 esdescrii ed 

20 below. Thus, prosthesis 1 40 can be impiaoted percuta- 
naousiy, without the need for substantial skin m m s 
laminectomy or dissection of large masses of muscle. 
[0199] Figure 16 Is is schematic, sectional view show- 
ing vertebrae ' 64 < r 
■?s therethrough, with prosthesis 140 positioned In disc 
i p nsthesis 140 
has been fed all the way through cannula 40 and into fee 
disc space, the prosthesis uncoils in the open space, as- 
suming a generally flat shape {as shown in the figure), 
until it is Inflated The resilience of wires 152 aids the 
balloon fabnc in unrolling, it also stiffens tee fabric to 
make it easier to center the prosthesis in the disc space, 
preferably by pushing and pulling It es:ng tube 158 
through cannuia 160. 
» IO20O] Correct placement of prosthesis 140 in disc 
space 162 is proter t e z tfot of t f 
ertehrae. d i of f a , 
using an arc r i y < ;«Rr; sys 
tern. Alternatively . X-ray imaging may be used to observe 
■so r o' > ^ - o r v i t o4 j i 
166. Further alternatively or additionally, a narrow endo- 
scope, as is known in the art, may be inserted mto or 
adjacent fo aisK space 162 so visuarry observe the pros- 
thesis. 

-« [0201] fn apreferred embodiment of the present inven- 
tion, after insertion of prosthesis 140 as shown In Figure 
IS. the prosthesis Is inflated with saline, so that it as- 
sumes the form shown in Figure 146. inflating tee pros- 
thesis allows it to be visualized in secstantiaiiy the shape 

■>o arti crnsto' 1 fter ( wff t >v -i',' 1 dong 
fluid, as desaibed below. If the prosthesis is seen So be 
incorrectly post- toned, it can easily be deflated, reposi- 
tioned and teen reinflated. After correct positioning is ver- 
(fed, the saline is removed and the prosthesis deflates. 

as $202] Once prosthesis 140 is suitably positioned in 
i i . i ' ''' i comipa . , i fluid n * 

ed through tube 158 and pon 148, to inflate the prosthe- 
sis, Preferab e >, ttu-c-pnses v o e 
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e; ox' k (v> he a i , > < 3< - 

v E ig!and Af- 

terjiativeij ies d ims ^ r^dCCirsr- 

[0203] 3- os' Bed to sucn pressure as 

> ' - r eetspscing 

between vertebrae 1 64 and 1 66 Because of she elasticity 
of fabric pieces 142 that form she balloon and she equal- 

= ( ,+ i i i j i* jn 1 

fas seen in Fi I * - • J ^ s. 3 > tc 

maintain a generally uniform pressure on the surfaces of 
vertebrae It- t J > ace 162 and so 

held the vertebrae :n f:n anatomically correct mutual ori- 
entation. Preferably, vertebrae 164 and i©e. along with 
prosthesis 140 and surrounding structures, sare imaged, 
roost pmferafel > r ove to verity 

that the spacing sod ohentation of the vertebrae are cor- 
rect. 

[0204] When the fluid has solidified sufficiently, port 
148 is sealed and tube 158 is removed, preferably by 
twi 1 m j i i i jts cannula 16 

Figures 17Aand t?3 are coronal and axia? ac- 
tional views, respectively, showing prosthesis 140 insert- 
ers arid inflated witnin disc space 1 62. Toe prosthesis nas 
been Inflated w j 1 70, and tube 1 58 has 

been oeta> he J I \ 

twae 1 64 v- j 1 l r itact nciudmg 

lamina 172, thereof, 

[0206] Following the Implantation of prosthesis 140, 
as shown in Figures 17A and 17B, vertebrae 164 and 
168 will grow into disc space 162, around and through 
the prosthesis Preferably, as described above, ground 
done Is placed on the outer surfaces of prosthesis }40. 
and particularly in the hollow at center 146 thereof, in 
order to aid th ,< the growth of 

vertebrae 164 and 1 66 wis! cause them to fuss together, 
jot r thi t j i j t 

ed from any further injury. 

[0207] Although in the i on s d 

scribed above with reference to Figures 14- 17. a single 
prosthesis, comparable in size fo the natural interverte- 
bral disc, is implanted in disc space 1 62, in other pre- 
erred embed ef ent invention, two or more 

smaller prostr eses 3> Mn Wanted side sy-s cfe in toe 
disc space, 

[0208} Pur x h in ths sbi \, described 

prof r . ernr , t i s implanted per 

cutanecusiy In a lateral approach, it will be appreciated 
That intestable disc prostheses in accordance with toe 
principles of the present invention may aisobe implanted 
sing other st know tie art suet 

as open and iar >i« urgicai cedures with an 

antenor or posterior approach. 
[0209} Additional preferred embodiments of the 

embodiments present fla; annular sop and bottom wails 
ke a W3sher, in confr > la shape 

shown in Figures 14-17. Further preferred embodiments 



are ateo described below in the following section regard- 
ing meta! balloons for rtt n * <atior) and disc 
prostheses. 

; ; Meiat Balloons tot Intrameduuat Fixation and Disc Pros- 
thesis 

[0210] As described above, in accordance with the 
present inventions, a small opening Is made from outside 

« a bone fo a, i ievice perct tane- 

ously Into the bone (whether Is be long or small bone); 
or, to replace a d ho j rve teb i 

space, in some of the preferred embodiments of the in- 
vention the :e ie - c balloon 

» {021 tj In the preferred embodiments, the balloon is 
made from thin metal such as Titanium, Tantalum, Stain- 
less Steel (e g SS 31 61) Platinum, anothi - t 
grade metal, or se forth. The balloon Is preferably con- 
structed witn a balloon wail thickness between 1C and 

-m J0C r . v -< r < i 

or less than I ess iim* sot as welt. 

[0212] The balloon can be constructed with several 
note! strings or rob i > h grea 

sei against x - d m t r o forces, and 

<T to provide the balloon with greater rigidity that eases its 
manipulation and Insertion ioto me patient. The roots can 

be connected to the exterior or interior surface of the 
ba on (e.g. by soldering, n ng -i' dl-t 

loon). For example, to produce the the metal: balloon and 

on the reds they could an oe annealed or could ai! be cold 
vori f. Alters «ivei\ the ods could be cold worked, 
wile the bal-aon its i i s i < v 

slon after insertion within the Pone. This can be done by 
producing a one piece cold worked rod and annealing 

at afterward ily the e t =t 

The balloon extremities can be manufactured by solder- 
ig.spctwetdin i * ty other suitable way 

of connecting the meta! cone so each extremity ot the 
device. 

io [0213] The outer surface of fte balloon may be abra- 
sive or rouqneoed w:;n protmding edges engaging the 
bone surface to anchor the fixture firmly in place and 
prevertt sliding or rotation of me pads of toe OroKen bone 
i the intra I ts kewsse provic 

•is non-movement tr th oJ'ieols ins 

SVSh r- Of. ] " i inn r 

ioching screws in irlrameduiiar nailing. 

[021 4] Additionally, or alternatively, the balloon can 

compose a biocompatible polymer Aadiiionaliy or alter- 

» natively, the i r - outer thin surface 

of meta) as described above and an inner surface of bio- 
compatible piss;]-;:, polymer or fabric. 
£02153 Otwe the balloon has been inserted into its 
proper piece within the bone or adjacent to the vertebrae. 

»* : it is then nf ■'-aret-iai fn the 

preferred embodiments, a liquid is used as the inflation 
t-.ompatib -s so- 
lidifying flistd is used as a - As q ds 
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- c lur are preferred. As 
a further alternative, however, a solidifying fluid can be 

[0216} ri s ; % venS!On,the 
miationfii e for; > ' ail or the d 

m<> 'It- ., r v 1 < 1 l\ e + 

tpar " f si 1 t refit at / espabtn of 
J - '- t i a < i 
nal stimulus, for exempts, the external stimulus can be 
amagni s J, radiation and-dr ter 

peratore. Rheoiogicaf materials, pcfyeiectroiyte gels or 
other suitable expandable materials which change their 
volume or stiffness in response to externa! stimuli can be 
used as the tiller material, 

[021 ?J Fordis ahe xoropt oiidif;, 
fluid or ether ooncomr a he pee 

ferred embodiments Preferably, this solidifying fluid or 
tVE tmru r o ur n A , 

that polymerizes within the balloon, or alternatively, a 
two-component cement, such asepoxy. This provides a 
>n ;i:hesls ace the disc 

[0218] This Inflation field is placed in communication 
with the lumen of She balloon, white also being under 

expand radially outward to fixate the bone. The balloon 
is then seated, e.g. by using a valve, end the external 
fflfid SOUroe is l ected 

it is preferred that a protective cap be provided over the 
otecf Ihe vaive from bone ingrowth. 
[0213] in the embodirner i soiidrfysngfiukMne 
i ^ p „s < . r 'iw-'oi ' 

place the disc, This balloon can also be provided with 
one or mora tunnels or hoies between surfaces that allow 
the vertebra! bone surfaces to contact each oilier be- 
tween two adjacent vertebrae, thereby enacting those 
two vertebrae to undergo fusion. In addition, the outside 
surface of the meU i than the verte- 

brae, which :<t r - ling he out- 

side surface of ft t > i i, ) tur 

resigns led. and it t ing« igestc s 5 

gage the vertebrae and anchor the fixture fimtty in place, 
preventing sliding or rotation, 

[0220] \dd .<< or et a e the bailor can 
con prises a b i vinct thole 

, thevertei rae A Jdifior d > 

oraiiomatlveiy, 10s baboon comprises an outside surface 
* J.sdi r «- < net an inner surface of bio- 
jmoat " • * r tabic; 
[0221] in the ft rr y device once 
ft- « has healed ated by open 

lag the valve jndren - a t by easing the 

device's remove;. In the case of the intervertebral disc 
{ ostl es e prosthesis may t eft , s penma 

[0222] Figure • eferred embod- 

iments of the present invention. These embodiments are 
useful with 'so * / na o r e 

t l e b„j , t ^il n or e*> m „f 



features of these embedir I i i used in co 
junction with self-expanding or expandable devices 
and/onn coiijo action with the other intervenebret devices 
andpras + 'e-i t t.Thue le vaive, fi> t i 

s etc^e s,8 ! also f herinvet s 

disclosed ic the present disclosure. Figure 20 illustrates 
m addition e it nirameduliary 
nasi or figure of the present inventions. As shown in the 
figures. It is preferred that the nail be constructed having 

s> ongitudina outwardly t , - 300. Figure 208 

is a cess set - tf ' s\ osteal e: otuberance of 
ongifuci 1 v r eduiiary 

nab 3 ■ 0. These longitudinal bom; 300 may bo placed open 
aportlot eft _ e s 310, although 

« it is preferred that they extend along all, or substantially 
all, of the length of the intramedullary nailing device, in 
the preferred embodiment, as shown In the figure, four 
longitudinal bars are provided, located a: 90 degree In- 
tervals around the nail's circumference. Alternatively, 

J» other numbers of longitudinal bats can be provided as 
welt. 

[0223] Longitudinal bare 300 act as fixations! ele- 
ments, improving, the function of the device and facfiitat- 
ing bone heating. When me intrarueduliar nail is inflated, 
■?5 the longitudinal bars or fixahonai elements 300 are 

preventing rotation.- m the broken 

parts of the bone and preventing bending. The addition 
< nents presents an advantage over 
standard intrameduliar nails as no Interlocking is needed 
due to the fact that the longitudinal rods prevent rotation. 
This furtherstabiii2esthe bene, and faeiSitatestbe heating 

f\ c d i t 
300 can be provided to various embodiments of the 

[0224] Figure 21 illustrates additional aspects of a pre - 
ferred ernbodir f t i tore disclosed 
wreit Ass mbodiments 

io of the invention, a r o + i o i o . -> s f d 
having a pipe or body 32 1 and a distal end cover 323. 
Metai balloon or fixture 320 is further provided with a 
, m 31€ i • ' 5 ic fixt ire 

controlling fire passage of fluid into and oof of fixture 320, 

■rs Valve 318 icciudes ventiiatlen pin 325, O-nog 336, arid 
' i i " thi> a head it 522 and termi- 
nating in a he3 f j no i sd - 
323 shield vaive 313, preventing bone growth into the 

» [0225] - tpressureflufcf 
(e.g. saline) s f ts! ins 1 > the niramed- 

uttar fixture through valve 318. Pumping of -he saline into 
the balloon through the valve causes fixture 320 to ex- 
pand In diarnete s . ort ■ not Figure 213 

»* : to Rgure 21 C. The vatve prevents fluid from escaping 
the intramedijilai' fixture, maintaining the fixture In the 
expanded stats . n ' ir u3 

the fixture can e i o,\aivi;^ 8 
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to release fluid or saline from the fixture. 

[0226} A further embodiment of the Invention is liius- 

med in Figure 21 0. The invent i ated as iocs 

iwitninabon T i « J witt atubu ar 

element 3 i t for location In trie vicinity of the bone frac- 
ture. Element 31 1 is of a fixed rtsmeter Sees than the 
diameter of inf tients 5. The diamstei 

of element 31 1 is fixed such that upon radial expansion 
of the fixture, element 31 1 prevents or restrains expan- 
sion of the fixture so that ii cannot contact the Inner bone 
face. Thus j its 315 expand to a di- 

ameter which contacts the inner surf see of the bene, el- 
ement 311 prevents the fixture surrounded cy the eie- 
nt"* om achlev u x.pe.ns r> ac tie ad 

by tie; remainder of the future. The device, for example , 
can >e provi i> <paosien of 

in ttnl v r e 7 - y ^sth to 

prevent 'butterfly fractures", or complications In fractures 
with multiple bone fragments. 
[0227} An embodiment of the intramedufiaf naif of the 

receni if;venSi( sedin? TP Figure 22A 

consists of two moss sectional views of e fixture embod- 
iment, bod before arid after expansion, these view;; be- 

j a p<! m^r i r f- ^ - i 
stive constricted and expended diameters!- In this em- 
bodiment D? +l " ' cted 
noil includes a curved or undulated surface, preferabfy 
having longitudinal bars 300 located thereon, it is pre- 
ferred that irttrameduiiar fix! ore, before expansion, have 
its surface be curved or folded inward to term a sense of 
connected bulbous sections 336. in the preferred em- 
bodiment the bulbous sections form a clever like config- 
uration In the compressed state, as snown in the tour leaf 
ciover configuration illustrated in Figure 22A. 
[0228} As shown in Rgure 22A, in the ct n 
eonhgi at i : state 3 r s 330 r -n 
tains a compressed diameter 0,. Compressed diameter 
D,i- a-- it c suilarnai 
sellable for insertion into the bone through a smati bole 
in the bora; y. fee i ' nge as "- sr. tssed above, fn 
contrast, io the expanded cor;f;gt;ra;lon or state 334, fhe 
n<ti 3 i 3 0 i within the bot r 
expands i Expended - - ger 
diameter, measured from the outside surface of longitu- 
dinal bar 30 i to the outside surface of opposing longitu- 
dinal bar 302, this diameter being sufficient such that the 
longitudinal bars are pressed up against the Inner wafi 
- - - d ben • < 1 n * t s< afe 
mm<m t v m» f vt a d mfe^softne 

sed on each of - th« 

stantiai increase of diameter achieved by inflation of the 
fixture i >m the res f t idedstafe. 
[0229] tbguie 223 is a further embodiment of the in- 
vention, illustrated in toe same manner as in Figure 22 A. 
In this embodiment, one or more hairpin loops or arcs 
33? are provide* a ^ g i a s 300. in the 
rs3! are p o- 

v -ted e-aci atSOdegi - lehaffs w h one hairpin 



et > 

adjacent pairof longitudinal bars. One or more or no hair- 

pin loops csi td 1 vra 0* tie pairs 

of adject" f desired, 

s [0230] As shown in Figures 23A and 23B, in preferred 

emeoJ « ett + 1 t 

with a medial longitudinal canal, bore or tunnel 344 This 

canal 3^4 *aef s the insertion 

affowing the insertion procedure to be performed using 
« a guide wire. The med M acted ovt 

guide ft etoa ovvthefixt - yq ided itothe 

appropriate position during insertion mto the bone, and 

to allow the guide wire to Be pulled out once positioning 

en the tip of the Implanted nail to assist in withdrawal of 
the nsftfromthe bene. Upon mounting the retrieval device 
on toe tip of the valve, the vaive can be opened, releasing 
cn die high presume within - he > and thereby allowing the 
dfemets v rat >m for remova 

[0232] in summary, the above descriptions of the 
rs er A 1 o t f /ash rii 

vt >m uil v ' > ) - ear fixation devices - 
tetvertebr imervertabrai 
oi c >sth oes, 0 I ' h • • it must b> 
understood that, although preferred embodiments are 
desenbea • nt inventions 

aredirectedioexpanaa- - I n i prosthesis devic- 
•s ousiyo by an expander 

inserted through its lumen to an expansion leve! that en- 
ables percutaneous Insertion of the cone fixator, 
[0233] having described the inventions with regard to 
i that the de- 
cs schptlou is not meant as e limitation since further varia- 
0 may suggest 

themselves to those skated In the art. it is intended that 
the present application cover ail variations and modifica- 
tions of the inventions as fail within the scope of the 
K> claims. 



Claims 

1. An intervertebral spacer sellable for fixating a spine, 
(including: 

a plasticatfy-deiormable surface, conflgored for 
ncraasing in diamsta by a d as! deforms 
» tion; and 

a plurality 0? protrusions formed of said surface, 
axiaiiy displaced alone a long axis of said sur- 
ae iapteef t a - jg 

ne, wlien sa ji I panded 

2. The inserve of ciain 
spacer ts r • 1 
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3. The interveriebrai spacer of any of the preceding 
claims, wtse saicispaeerisi i i by cutting from 
a sheet of resilient material. 

4. The intervertebral spacer of any of ths preceding s 
- vc '< s zed extends ax- 
laiiy befween two vertebrae. 

5. The intervertebral spacer of any of the preceding 
claims, wherein e portion of said spacer has a fixed to 
iiamete ft mthedia - a ace when 

the spacer is radiaiiy expanded. 

6. The intervertebral spacer of any of the preceding 
claims, wher« > m of said spacer to- «>' 
creases the* ' - ^c 3 t > } t «s« thai 
50%. 

7. The intervertebral spacer of any of the preceding 
claims, sized so thai two or more spacers may be 2» 
implanted side -by- side in at; ImerverieDral space, 

8. The intervertebral spacer of any of the preceding 

' * i , ' h ^ 1 r>e i 

laining an expanded diameter. is 

9. The intervertebral spacer of any of the preceding 
claims, having a; least one protrusion in each of tour 
cardinal directions, perpendicular so said axis, 

10. The intervertebral spacer of any of the preceding 
claims, wherein said spacer is composed of titanium. 

11. The intervertebral spacer of any of the preceding 
ciain,.-, including a non-radiaiiy expanding section •« 
Petweei twc ex i sections 

12. A medical treatment device for spinal treatment, 
comprising: 

40 

an intervertebral bone spacer, said bone spacer 
having a first, reduceddimenskm, andasscond, 
expanded dimension. 

13. A medical treatment device as claimed in eiaim 1 2, « 
vr e >- m , • : f ,r ' m f >t 
sane arincnh ' tab a o r 



sr? 



OS 
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FIG. 3A 
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FIG. 
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FIG. 7A 
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FIG. 11B 
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FIG. 13C 
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FIG. 14A 
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FIG, 17B 
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FIG. 188 




FIG.18C 
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